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"He thought i t  almost a m irac le  to  escape unhurt from
such horrid  wastes, roa r in g  to r r e n ts ,  unwholesome vapour and 
f r i g h t f u l  fo g s ;  drenched from  top t o  t o e ,  fro zen  w ith  co ld , and 
h a l f  dead w ith  f a t i g u e . "
Account o f  a journey across the 
Corr ieya irack  Pass (1798)
from J.B. Salmond (1934)
ABSTRACT
D eta i led  mapping o f  100 sq.km, around the Corr ieya irack  Pass, 
In ve rn ess -sh ire ,  has revea led  the presence o f  two d is t in c t  l i t h o s t r a t i -  
graphic successions w ith in  dominantly psammitic metasediments. The two 
successions have been l i t h o l o g i c a l l y  subdivided in to  nine form ations.
The upper Corr ieya irack  Succession i s  o v e r la in  conformably by Leven Schists 
o f  the Lochaber Subgroup o f  the Dalradian, and i s  in  t e c to n ic  contact with 
the lower G lenshirra  Succession. Both successions are geochem ically  and 
l i t h o l o g i c a l l y  d is t in c t  from the Lower Dalradian and are considered to  be 
part o f  th e  Grampian D iv is io n .
Three ep isodes o f  deformation are recorded . An e a r ly  phase i s  rep re­
sented by minor i s o c l in a l  f o l d s ,  a p en e tra t ive  s c h is t o s i t y  and the develop­
ment o f  the  Gairbeinn S l id e ,  which now separates the two successions. A 
model suggest ing  the presence o f  major recumbent D1 fo ld s  i s  proposed 
based on ev idence obtained from the T a r f f  Gorge.
The second episode o f  de form ation , represented  by major NE-SW 
trending t i g h t ,  upright fo ld s  and abundant congruent minor fo ld s  w ith  an 
a x ia l  p lanar c leavage , is  the dominant con tro l on the r e g io n a l  outcrop 
pa tte rn . The th ird  episode con s is t in g  o f  major N-S trending open fo ld s  
is  recogn ised  on a macroscopic sca le  as a r e s u l t  o f  the v a r ia t io n  in 
a t t i tu d e  and trend o f  the D2 s truc tu res .
A geochemical study o f  the metasediments and assoc ia ted  c a l c - s i l i c a t e  
bands was undertaken in an attempt to  d is t in gu ish  between the d i f f e r e n t  
form ations and successions and as an aid to  the in te rp re ta t io n  o f  the 
metamorphic and sedimentary h is t o r ie s  o f  the a rea .  There i s  a systematic 
v a r ia t i o n  in  pe tro lo gy  and geochem istry between the two successions which 
i s  a product o f  o r ig in a l  sedimentary d i f f e r e n c e s .
Two p r in c ip a l  metamorphic peaks have been recogn ised , both o f  middle 
amphibolite f a c i e s ,  with kyan ite  l o c a l l y  developed in s em i-p e l i t e s  and 
bytownite and clinopyroxene in  c a l c - s i l i c a t e  bands, during in  the south­
east o f  the area .
A b r i e f  survey o f  the igneous rocks was a ls o  undertaken.
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1CHAPTER 1
1. LOCATION AND EXTENT OF AREA
2. PHYSIOGRAPHY
3. AIMS AND SCOPE OF RESEARCH
U.
: INTRODUCTION
PREVIOUS RESEARCH AND GENERAL GEOLOGICAL BACKGROUND
21. LOCATION AND EXTENT OF AREA
The C orr ieya ira ck  Pass area l i e s  in  the southern part o f  the 
Monadhliath Mountains, o f  In ve rn ess -sh ire ,  approximately f i f t y  k i lom etres  
south"~west o f  Inverness , (F igu re  1 .1 ) .  I t  covers approx imately  one 
hundred square k ilom etres  o f  moorland, on the watershed between the north­
f low in g  R iver T a r f f  and the e a s t - f lo w in g  R iver  Spey.
The C orr ieya irack  Pass i t s e l f ,  780m above sea l e v e l ,  i s  crossed by a 
m i l i t a r y  road, b u i l t  in 1735 by General Wade.
Beyond Melgarve the road i s  now su itab le  on ly  fo r  land rove r  and 
together  w ith  e s ta te  tracks from Culachy Farm running p a r a l l e l  to  the 
R iver T a r f f ,  and a landrover track  across Glen Doe F o res t ,  provides the 
on ly  access to  the area.
The land i s  d iv id ed  between f i v e  e s ta te s :  Glen Doe, Culachy, 
G lensh irra , Brae Roy, and Aberchalder, and used fo r  sheep and c a t t l e  
graz ing  and deer s ta lk in g .  There are no permanent dw e l l in gs  in the area .
F igu re  1.1s Location  o f  area o f  study
32. PHYSIOGRAPHY
The area cons is ts  o f  a plateau vary ing between 700 and 800 metres 
above sea l e v e l ,  deep ly  d issec ted  by the R iv e rs  T a r f f  and Spey and th e ir  
t r ib u ta r ie s .
The R iver Spey occupies a broad ’ U' shaped g l a c ia l  v a l l e y ,  w ith  a 
f lo od  p la in  up to  0.75 km wide conta in ing the meandering r i v e r .  I t s  
t r ib u ta r ie s  are g en e ra l ly  g en t ly  f low ing  streams in wide 'U ' shaped 
v a l l e y s  separated by rounded h i l l s  covered w ith  ex ten s ive  peat d ep os its .
In co n tra s t ,  the R iv e r  T a r f f ,  fo r  much o f  i t s  len gth  occupies a 
narrow gorge , up to  100m deep. As a r e s u lt  o f  the overdeepening o f  the 
Great Glen by g l a c i a l  a c t io n ,  which caused the r i v e r s  f low in g  in to  the 
Glen to  cut down in to  th e i r  g l a c ia l  v a l l e y s ,  the t r ib u ta r ie s  o f  the 
R iver T a r f f  a lso  drop s te ep ly  down the v a l l e y  s ides w ith  numerous water­
f a l l s  and w a te rs l id es  producing w e l l  washed exposures. However, p a r t ic ­
u la r ly  in  the lower reaches o f  the T a r f f ,  the steep s ides  o f  the gorge 
render access d i f f i c u l t .
H i l l s id e  exposure i s  in v a r ia b ly  l ich en  covered and deep ly  weathered. 
The ic e  mass which produced the Great Glen, a l s o  produced numerous small 
basins on the surrounding uplands, e s p e c ia l l y  on the Glen Doe Forest 
r e s u lt in g  in up to  50% exposure on Carn a Chuilinn w ith  numerous lochans. 
Further south depos its  o f  peat are more e x te n s iv e  and exposure i s  l im ited  
to  the steeper s lopes and stream sect ions . Much o f  the northeastern  part 
o f  the area , i s  ve ry  poor ly  exposed, c o n s is t in g  o f  a plateau at approxim­
a te ly  700m O.D. w ith a few scattered  outcrops in an expanse o f  bog and
thick peat d epos its .
43. AIMS AND SCOPE OF RESEARCH
D eta iled  mapping, on the sca le  o f  s ix  inches to  the mile was under­
taken in  the C o rr ieya ira ck  area during the Easter and Summer vaca t ions  o f  
1979 and 1980, as a con tinuation  o f  work c a r r ie d  out by W h itt les  in the 
K i l l i n  area, to  the n o r th ,  with the ob jec t  o f  e s ta b l is h in g  a s t r a t ig ra p h ic  
sequence and e lu c id a t in g  the structure o f  a r e l a t i v e l y  unknown area , in 
the upper part o f  the Grampian D iv is ion  o f  the Moine assemblage.
I t  was a lso  hoped t o  be able to  e s ta b l is h  the s t ra t ig ra p h ic  and 
struc tu ra l r e la t io n s h ip s  between the Monadhliath and Leven S ch is ts ,  and 
the lo c a t io n  o f  the Moine -  Dalradian boundary.
Extensive sampling o f  the var ious l i t h o s t r a t i g r a p h ic  d iv is io n s  
es tab l ish ed , was a lso  undertaken w ith  a v iew  to  producing geochemical 
' f i n g e r p r in t s '  fo r  the va r iou s  l i t h o l o g i e s ,  and bu ild ing  up a metamorphic 
h is to ry  o f  the area, w i th  p a r t icu la r  a t t e n t io n  to  the geochem istry and 
petrography o f  the c a l c —s i l i c a t e  pods and bands present in  many o f  the 
formations. Geochemical ana lys is  o f  the metasediments and igneous bodies 
was undertaken using X .R .F .  techniques at the U n iv e rs i ty  o f  K ee le .
The monotonous nature o f  the l i t h o l o g i e s ,  and the discontinuous 
nature o f  many o f  the l o c a l  v a r ia t io n s  made the l i t h o s t r a t i g r a p h ic a l  
subdiv is ion  o f  the psammitic l i t h o l o g i e s  n e c e s s a r i ly  ra ther  vague, and 
the g en e ra l ly  poor exposure and problems o f  access in  much o f  the area 
added to  the d i f f i c u l t i e s  o f  sampling on a s t a t i s t i c a l l y  v a l id  basis .
5U. PREVIOUS RESEARCH AND GENERAL GEOLOGICAL BACKGROUND
The f i r s t  d e ta i le d  g e o lo g ic a l  study o f  the Southern Monadhliath 
Mountains was ca rr ied  out by J.G.C. Anderson (1956) who mapped an area, 
extending from Loch T r e ig  and Glen Roy in  Lochaber, to  the headwaters o f  
the Rivers Spey and Findhorn, between the years 1936 and 1959.
As a r e s u l t  o f  t h i s  work he subdivided the s t r a t ig ra p h ic  succession 
in t o :  the Moinian E ild e  Flags o v e r la in  by a va r ia b le  s e r ie s  o f  p e l i t e s  
and im pers is ten t q u a r tz i te s  o f  the Monadhliath Sch ists  or T ran s it ion  
Group, in turn succeeded by Dalradian l im estones, the K in loch laggan and 
B a lla ch u lish  Limestones o f  the Basal Calcareous Group.
Within the E ilde F lags , he included the Central Highland Granulites 
o f  the Spey and Findhorn and the Struan Flags o f  Glen Garry, a l l  domin­
a n t l y  psammitic metasediments. At the top o f  the E i ld e  Flags he described 
micaceous q u a r t z i t e s ,  g rada t iona l w ith  the E ilde  q u a r t z i t e  at the base o f  
phe t ra n s i t io n  group, fo l low ed  by the Monadhliath S ch is ts ,  (Tab le  1 .1 ) .
Anderson considered that the dark coarse ga rn e t i fe rou s  mica sch ists  
o f  the Monadhliath S ch is t ,  e s p e c ia l l y  w e l l  developed around Loch K i l l i n  
and the C orr ieya irack  Pass, were equ iva len t not on ly  t o  the f in e  grained, 
s i l v e r y  g rey ,  sch is ts  o f  Glen Roy, and the Leven S ch is ts  o f  Lochaber but 
a l l  the m ica-sch ists  o f  the Lochaber Subgroup. The disappearance o f  the 
two q u a r tz i t e s  which a l low  the subd iv is ion  o f  the Lochaber Sch ists  was 
exp la ined  by a northw ester ly  l a t e r a l  fa c ie s  change.
Anderson a lso  considered that the base o f  the Dalradian Supergroup 
should be drawn at the base o f  the lowest l im estone, w ith  the q u a r t z i t e -  
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7Three major NE-SW trending fo ld s  were recogn ised « the Kinlochlaggan 
Syncline, in  the e a s t ,  w ith  the Kinlochlaggan Limestone at i t s  co re ,  the 
Loch Laggan A n t ic l in e  and in  the west the C orr ieya irack  Syncline, with the 
Monadhliath Schist at i t s  c o re .  Both synclines were described as nearly  
i s o c l in a l  w ith  near v e r t i c a l  a x ia l  p lanes. The in te rven ing  Lochlaggan 
A n t ic l in e  formed a broad up fo ld  o f  E ilde  Flags and at the west end o f  
Loch Laggan was described as a t igh t  upright s tru c tu re , however further 
north the northwestern limb passed through v e r t i c a l  and became overturned. 
Anderson a lso  mapped the C orr ieya irack  and A l l t  Crom Granites and 
numerous minor in tru s ion s ,  inc lud ing 'p o rph yr ite *  and m ic rod io r ite  types 
o f  the Ben Nevis Swarm and a ls o  f e l s i t e  and porphyry dykes.
More r e c e n t ly  d e ta i led  mapping has been completed in  the Loch K i l l i n  
area by W h itt les  (1981) e lu c id a t in g  the structure and es ta b l ish in g  a 
s t ra t ig ra p h ic  succession, around the core o f  the C orr ieya irack  Syncline, 
which has formed the basis f o r  the s t ra t ig ra p h ic  work in  the Corrieya irack 
Pass. L ive rpoo l U n ive rs i ty  and the In s t i tu t e  o f  G eo log ica l Sciences, have 
a lso  been in vo lved  in  a p ro je c t  to map areas adjacent to  the Great Glen 
Fau lt, in  which the work o f  Parson and Highton i s  p a r t ic u la r ly  re levant 
to  the reg ion a l  c o r r e la t io n  o f  the rocks o f  the Corr ieya irack  Pass,
(F igure 1 .2 ) .
The s im i l a r i t y  between rocks o f  the Central Highlands and those o f  
the North West Highlands was f i r s t  recogn ised  by Murchison and Geikie 
(1861). They described  the grey  quartzose beds o f  Loch E i l ,  which they 
thought were fo ld ed  about an a n t ic l in a l  arch along the l in e  o f  the Great 
Glen, and thus recurred  around Glen Spean. Before 1892, a l l  the rocks 
east o f  the Moine Thrust, were termed 'D a lra d ia n ',  although Geikie (1892) 
recognised the presence o f  * Moine Sch is ts ' in  the Northern Highlands 
which were d i f f e r e n t  in character  from the Dalradian rocks south-east o f
F igu re  1.2s General geo logy  and recent resea rch  areas in the
Central Highlands
8the Great Glen.
Later work estab lished  th a t  rocks o f  s im ila r  appearance to  the 
' Moine Sch is ts ' could a lso  be i d e n t i f i e d  south o f  the Great Glen Fau lt. 
Two main types o f  metasediment were d is t in gu ish ed : 'g r a n u l i t e s '  and 
'm ic a -s ch is t '  (Hinxman e t  a l , 1913 ),  and the term Central Highland 
Granulites was introduced (Hinxman & Anderson, 1915) to  descr ib e  'u n d i f f  
e ren t ia ted  s i l ic e o u s  and q u a r tz o fe ld s p a th ic  s c h is t s '  w ith b e l t s  o f  
' p e l i t i c  and s e m i-p e l i t ic  s c h is t s  and g n e is s e s ' .  They a ls o  described 
garn e t i fe rou s  ’ z o i s i t e - g r a n u l i t e s ' occurr ing  as bands w ith in  the 'granu l 
i t i c '  b i o t i t e  sch ists  and g n e is s e s .
The Monadhliath Schist (Anderson, 1956) was f i r s t  recogn ised  by 
Peach and Horne (1930) who reco rd ed  a b e l t  o f  ' p e l i t i c  gn e is s '  traceab le  
•from the basin o f  the Findhorn t o  the Monadhliath Mountains', a f f e c t e d  
by intense fo ld in g  and o v e r f o ld in g ,  causing considerab le  v a r ia t io n  in  
s t r ik e  from the dominant NE-SW trend .
The Dalradian and Moine assemblages, as they  were now recogn ised , 
were found to  be notably d i f f e r e n t ,  w ith  the Moine c o n s is t in g  mainly o f  
psammitic and p e l i t i c  rocks, w h i l e  Dalradian was l i t h o l o g i c a l l y  d iverse  
and apparantly  o r ig in a ted  in a d i f f e r e n t  d ep o s i t io n a l  environment, 
(Hickman, 1978). However, th e r e  has been much d iscuss ion  over the 
lo c a t io n  and nature o f  the boundary between the two successions.
The work o f  Ba iley  (1934) placed th is  boundary below the E ilde 
Q u artz ite ,  the lowest o f  the s e r i e s  o f  d i v e r s i f i e d  rocks, s t ra t ig ra p h -  
i c a l l y  o v e r ly in g  the Central Highland Granu lites represen ted  by the 
E ilde Flags (see  Table 1 .1 )  and th is  has since become the accepted 
p rac t ice  (Johnstone, 1966). Anderson (1948, 1956, 1978), however, 
continues to  place the boundary below the lowest l imestone in  the
9sequence, the  Ballachu lish  lim estone.
Johnstone e t  a l . (1969, 1975) re-emphasised the c o r r e la t io n  o f  the 
Central Highland Granulites o f  the Grampian Highlands w ith  the Molnian o f  
the Northern Highlands, suggesting that they  represent the youngest rocks 
o f  the 'M oinian Assemblage*. They suggested that the 'younger M oines*, 
showing on ly  Post-Cambrian, Caledonian metamorphism, might r e s t  unconform- 
ably on ’ o ld e r  moines' which have su ffe red  in  a d d it ion  Pre-Cambrian 
metamorphism.
Harris , e t  al. (1978) however, proposed that the Central Highland 
Granulites had g rea ter  a f f i n i t i e s  t o  the 'Da lrad ian  Supergroup*. They 
distingu ished the Central Highland g ra n u l i te s  from th e i r  most s im i la r  
counterparts o f  the Northern Highlands, the Loch E i l  D iv is io n ,  by suggest­
ing that the Loch E i l  D iv is io n  had su ffe red  a Pre-Cambrian orogen ic  event. 
They stated th a t  th is  was in d ica ted  by the apparent s tru c tu ra l  con form ity  
o f  the D iv is io n  with the Ardgour G ran it ic  Gneiss, dated at 1050M.Q. (Brook 
et al., 1976), whereas the Central Highland Granulites and the Dalradian 
were a f fe c ted  o n ly  by Caledonian even ts .
Although elsewhere the Moine-Dalradian contact i s  recogn ised  as a 
tecton ic  ju n c t ion  (R oberts ,1976, Rast,1957, Roberts and Treagus,1975,1977), 
the g ranu lites  in  the Lochaber area pass up through a normal sedimentary 
trans it ion  through the Lochaber T ra n s it ion  Group in to  the B a llachu lish  
Group o f  the Dalradian (H ickm n, 1978). The contention  that th is  junction  
is  a lso  t e c t o n ic  (Lambert, 1975) i s  not g e n e ra l ly  accepted by others  who 
have made a d e t a i l e d  study o f  the Dalradian in  the area (T reagu s ,1974, 
Hickman,1975). I t  i s  considered , th e r e fo r e ,  that no g rea t  unconformity 
ex is ts  between the Central Highland Granu lites and the Dalradian and i t  
was proposed (H a r r is  et aL, o p . c i t . )  that the Central Highland Granulites 
formed a part o f  the Dalradian Supergroup which they  termed the Grampian
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Group. I t  was noted that not a l l  o f  the rocks fo rm a lly  assigned to  the 
Central Highland Granulites may be part o f  the Grampian Group as autoch­
thonous s t ra ta  and that rocks which have su ffe red  Pre—Cambrian o rogen es is  
may occur south-east o f  the Great Glen Fau lt.
More recen t work in  the Spey V a l l e y  (P ia s e c k i ,1980, P ia seck i & Van 
Breemen,1979a. 1979b) has shown that part o f  the Central Highland Granulites 
has undergone Pre-Cambrian o rogen es is ,  and a ’ basement-cover* r e la t io n s h ip  
o f  'younger and o ld e r ’ Moines was proposed. The basement, ’ Central 
Highland D iv is io n ’ which has y ie ld ed  Rb/Sr ages between 950 and 1300Ma, i s  
separated from the ’ c o ve r ’ (Grampian D iv is io n )  by a complex zone o f  
repeated s l i d in g ,  termed the Grampian S l id e .  Pegmatites in truded in to  and 
deformed by the s l id e  zone have produced Rb/Sr dates from 718 ±19Ma to  
573 ±13 Ma, comparable w ith  ’ Morarian* pegmatites (730 ±20Ma) (Van Breemen, 
Pidgeon and Johnson, 1974) in  the Morar D iv is ion  northwest o f  the Great 
Glen. These are considered by P iaseck i (1980) to  in d ica te  a ’ Morarian ’ 
age fo r  the e a r l y  s l id in g  between the two d iv is io n s  w hile  subsequent 
Pa laeozo ic  movement on the s l id e  zone, r e s e t  the Morarian ages, so that 
ages younger than 573 ±13Ma have a lso  been ob ta ined . The Grampian 
D iv is ion  metasediments in  the s l id e  zone must th e re fo r e  be somewhat o ld e r  
than 718Ma.
Much o f  what Anderson o r i g i n a l l y  mapped as the Monadhliath Sch ist  on 
Speyside, now appears to form part o f  the ’ o ld e r ’ Central Highland D iv is ion  
but the remaining ’ E ilde  F lags ' are included w ith in  the Grampian D iv is io n .  
The Dalradian sediments are considered to  have accumulated between the Late 
Pre-Cambrian (Upper Riphean) and the Cambro-Ordovician (c .  500Ma) (H a rr is  
et a l . ,  o p . c i t . )  w ith  the sedimentary t r a n s i t io n  between the Moine and 
Dalradian occurr ing  at c . 700Ma (Dunning, 1972). This would r eq u ire  a 
thick sedimentary p i l e ,  rep resen tin g  the Grampian D iv is io n ,  in  which the 
deeper rocks were being a f fe c t e d  by amphibolite fa c ie s  metamorphism,
w hils t  the younger rocks were s t i l l  being deposited (P ia s e c k i ,  1980). 
A l t e rn a t iv e ly ,  an as yet unrecognised s t ra t ig ra p h ic  break may be present 
w ithin the Grampian D iv is ion .
In con trast to  the southern Monadhliath Mountains, the Lochaber reg ion  
has been the sub ject o f  prolonged and heated debate from B a i l e y 's  o r ig in a l  
in te rp re ta t io n  (1910) to  Roberts and Treagus (1977) and Hickman (1975,1978). 
The genera l s t ra t ig ra p h y  and structure o f  the reg ion  (T a b le l . l )  i s  now 
f a i r l y  w e l l  e s ta b l ish ed .  Good marker horizons and fa c in g  d ir e c t io n s ,  
provided by sedimentary s tru c tu res ,  enables la rg e  sca le  e a r l y  recumbent 
fo ld s ,  a ssoc ia ted  w ith  s l id e s  to  be recogn ised  in a nappe complex (Johnstone 
1966, p.15 & p .2 1 ) .  These are a f f e c t e d  by l a t e r  recumbent and upright 
fo ld s ,  a l l  a sso c ia ted  w ith  Caledonian deformation .
Large sca le  recumbent s truc tu res  and assoc ia ted  s l id e s  have a lso  been 
recognised in  the Ben A lder  and Schie h a l l io n  areas, a f f e c t in g  rocks 
considered to  form part o f  the Grampian D iv is io n  (Thomas, 1979, 1980) but 
w ithin the Southern Monadhliaths no major recumbent struc tu res  have yet 
been recogn ised .
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As ou t l in ed  in Chapter 1, the s t r a t ig r a p h ic  p o s it io n  o f  the rocks o f  
the Monadhliath Mountains i s  the subject o f  much recen t debate. Following 
the work o f  P ia seck i (1979, 1980) i t  i s  considered  that the dominantly 
psammitic l i t h o l o g i e s  o f  the C orr ieya irack  Pass, p re v iou s ly  described  as 
Eilde F lags or Central Highland Granulites (Anderson, 1948, 1956) form the 
upper part o f  the Grampian D iv is io n ,  d i r e c t l y  underly ing the Lochaber 
Subgroup o f  the Dalradian represented by the Leven Sch ists  o f  Glen Roy. 
Although many workers have accepted that the  E ilde F lags may form part o f  
the Moinian Assemblage (Johnstone et a l,1969, Hickman,1975), a d i r e c t  l in k  
between the Grampian D iv is ion  and the 'you nger ' moines o f  the North West 
Highlands has ye t  to  be proved.
U n t i l  r e c e n t l y ,  few attempts have been made to  subdivide the rocks o f  
the Grampian D iv is io n .  Anderson (1956) inc luded a l l  the Central Highland 
Granulites or Centra l Highland Psammitic Group w ith in  the E ild e  F lags , 
although he recogn ised  both psammitic and s e m i - p e l i t i c  l i t h o l o g i e s .  The 
dominantly psammitic metasediments were desc r ib ed  as f in e  g ra in ed , g rey ,  
q u a r tzo - fe ld sp a th ie  g ra n u l i te s  w ith abundant small f la k e s  o f  b i o t i t e ,  
ind iv idu a l beds ranging from 3 inches to  1 fo o t  in  th ickness and l o c a l l y  
contain ing pale c a l c - s i l i c a t e  bands and curren t bedding.
Thomas (1979, 1980) subdivided the Grampian D iv is ion  o f  the 
Strathtummel and Ben A lder areas in to  3 subgroups on a l i t h o s t r a t i g r a p h ic a l  
basis , d e sc r ib in g  4000 metres o f  dominantly psammitic metasediments with 
abundant and v a r ied  sedimentary structures c o n s is t e n t ly  younging in to  the 
Lochaber Subgroup o f  the Dalradian. The Ben A lder succession co n s is ts  o f  
psammites and qu a r tz i te s ,  banded sem i-p e l i te  and p e l i t e  w ith  psammitic
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units and rare q u a r t z i t e s .  The Drumochter Succession o f  psammites and 
sem i-pe lites  and the youngest Strathtummel Success ion , le s s  than 800 metres 
in thickness, o f  psammites and q u a r tz i te s  w ith  minor s e m i-p e l i t e s  and 
q u a rtz ites  with minor s e m i-p e l i t e s .  These successions must occupy a 
sim ilar s t ra t ig rap h ic  p o s i t io n  to  the rocks o f  the C orr ieya irack  a rea , 
both ly in g  immediately below  rocks o f  the Lochaber Subgroup, but as the 
Grampian D iv is ion  / Dalradian contact is  p o ss ib ly  diachronous, the rocks 
o f  the two areas are probab ly  not l a t e r a l  eq u iva len ts  and no d i r e c t  c o r r e l ­
ations are poss ib le .  I t  may a lso  be s i g n i f i c a n t  that the two areas a re  on 
opposite sides o f  the Ossian steep b e l t  (Thomas, 1979) the nature o f  which 
has s t i l l  to  be r e s o lv e d .
Working in the Loch K i l l i n  area , north o f  the C orr ieya irack  Pass, 
Whittles (1981) recogn ised  four l i t h o s t r a t i g r a p h ic  fo rm ations, in  conform­
able s t ra t ig rap h ic  con tac t  with each other and c o n s is t e n t ly  younging 
towards the core o f  the C orr ieya irack  Syncline as demonstrated by w ide­
spread sedimentary s t ru c tu res .
The lowest form ation  recognised by W h it t le s  (1981) on the north­
western limb o f  the NE-SW trending C orr ieya ira ck  Sync line , in  the R iver  
Fechlin, was termed by W h it t le s  the Fech lin  Psammite. I t  i s  o v e r la in  in 
turn by the formations termed by W h itt les  (op . c i t . )  r e s p e c t i v e l y ,  the 
Knockchoilum Semi-psammite, the Glen Doe Semi-psammite and in  the core  o f  
the syncline, the Monadhliath S em i-p e l i te .  Working in  the C orr ieya irack  
Pass area i t  was p oss ib le  to  trace and extend th is  l i t h o s t r a t ig r a p h ic  
d iv is ion  and to  recogn ise  a fu r th er ,  separate succession, exposed in  the 
SE o f  the reg ion .
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b. Methods o f  L i th o s t ra t ig ra p h ic  Subdivision
Subdivision o f  the metasediments o f  the C orr ieya irack  area was 
poss ib le  a f t e r  d e ta i le d  outcrop mapping, on the bas is  o f  v a r ia t io n s  in  
o v e r a l l  l i t h o l o g i c a l  c h a r a c t e r is t i c s .  Small scale and lo c a l  f a c i e s  
v a r ia t io n s  were noted and con tr ibu ted  to  the o v e r a l l  d e f in i t i o n  o f  each 
formation recogn ised . L i t h o lo g i c a l  v a r ia t io n  i s  considered t o  represent 
d i f fe r e n c e s  in  the o r i g in a l  sediment although deformation and metamorphic 
r e c r y s t a l l i z a t i o n  has o b l i t e r a t e d  much o f  the o r i g in a l  sedimentary fa b r i c .
Sedimentary struc tu res  inc lud ing  cross bedding, cross lam ination , 
p lanar, convoluted and graded bedding, toge ther  w ith  the presence or 
absence o f  ca lcareous bands and pods o f  var ious typ es ,  (Chapter 6 )  a lso  
contr ibuted  to  the d e f in i t i o n  o f  the formations tak ing  in to  account the 
sta te  o f  s t ra in  in  a p a r t ic u la r  area .
The various l i t h o l o g i e s  were c l a s s i f i e d ,  in the f i e l d ,  in t o  one o f  





P e l i t e
toge ther  w ith interbanded combinations o f  these . Boundaries between these 
f i v e  groups are g rada t iona l and th e re fo r e  d i f i c u l t  to  de fine  but depend 
p r in c ip a l ly  on the proportions o f  mica to  q u a r tzo - fe ld s p a th ic  m inerals 
present (Chapters 3 & 4 ) .




(m e tres )
Dalradian Lochaber Leven Schists —
Subgroup
Carn Leac Semi-psammite >  500
C orr ieya irack Monadhllath S em i-p e l i te 620
Succession
Str iped  Psammite/Semi-pelite 250"
Knockchoilum Semi-psammite J - 1800
Fechlin  Psammite 0 -  660
Grampian Coire nan Laogh Sem i-p e l i te - 860
D ivis ion M igmatit ic  S em i-p e l i te 150 J
GAIRBEINN SLIDE
Gairbeinn Pebbly Semi-psammite 670
Glenshirra A l l t  Luaidhe Semi-psammite 590
Succession
Carn Dearg Psammite 760
Creag Mhor Psammite >  600
TOTAL27000
STRATIGRAPHIC SUCCESSION OF THE ROCKS OF THE CORRIEYAIRACK PASS
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2. STRATIGRAPHY
Two d is t in c t  l i t h o s t r a t i g r a p h ic  successions have been recogn ised  
in the C orr ieya irack  a re a ,  the lower G lenshirra Succession and the struct 
u ra l ly  higher C o rr ieya ira ck  Succession, separated from each other by a 
t e c to n ic  d is co n t in u ity .  As a r e s u l t  o f  th is  d is c o n t in u i t y  the two succes 
sions cannot be r e la te d  t o  each other and there a re  no immediately 
comparable l i t h o l o g i e s .  The two successions may th e r e fo r e  represen t 
e i th e r  contemporaneous s t r a ta  juxtaposed by e a r l y  s l id in g  or s t ra ta  o f  
d i f f e r e n t  ages (Chapter 7 ) .
A summary o f  the s t ra t ig ra p h y  and th icknesses  o f  each formation i s  
g iven in Table 2 .1 .
a. The G lenshirra  Succession
The G lenshirra Succession outcrops in  the southeastern  part o f  the 
area mapped, between the A l l t  Crom and C orr ieya ira ck  G ra n o d io r i t e s , 
(Enclosure 1 ) .
Using the c r i t e r i a  p re v io u s ly  described the succession has been 
d iv ided  in to  four l i t h o s t r a t i g r a p h ic  form ations, f o r  convenience g iven  
lo c a l  names*
i .  Creag Mhór Psammite
This i s  the lowest form ation  recogn ised  in  the  C orr ieya irack  area , 
forming the southeastern s id e  and summit o f  Creag Mhór (NN 486973) and 
a l l  o f  Creag Beag (NN 482959). The base o f  the fo rm ation  i s  not seen and 
the top contact i s  g rad a t ion a l  w ith the o v e r ly in g  Carn Dearg Psammite.
ft
Although designated a psammite, the Creag Mhór form ation  co n s is ts  o f  
at lea s t  600 metres o f  a v a r ie d  assemblage o f  psammites, semi-psammites,
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sem i-p e l i te s  and a s tr iped  semi-pelite/semi-psammite l i t h o lo g y .  Psammites 
make up over 50% o f  the formation  and vary  from massive, pink-weathering 
units up to lm th ick , w ith l i t t l e  or  no in d ica t ion  o f  bedding or f o l i a t i o n ,  
forming la rge  jo in t  b locks, to  15cm th ick  f la g s  w ith  th in  micaceous 
laminae de fin ing  planar bedding.
Semi-psammites are f i n e l y  s t r ip e d ,  weathering in to  un its  ranging from 
4 to  15cm th ick  with uniform planar bedding marked by th in  micaceous 
laminae. They a lso  occur in  rap id  a l te rn a t ion s  w ith  s e m i-p e l i t e  bands up 
to 10cm th ick , each band t ra cea b le  fo r  more than 5m l a t e r a l l y .
The formation becomes in c re a s in g ly  p e l i t i c  towards the top ,  which is  
marked by a more pe rs is ten t  s e m i-p e l i t e  band. Within the lower psammitic 
l i t h o l o g i e s  sem i-pe l i te  bands occur sp o rad ica l ly «  these are len so id  in  
shape, averaging lm, but reach ing  5m in th ickness.
Towards the top o f  the fo rm ation , there i s  p o ss ib ly  a c y c l i c  r e p e t ­
i t i o n  o f  psammitic and p e l i t i c  l i t h o l o g i e s ,  w ith pink weathering psammites 
in 15cm f la g s  and th in micaceous laminae, approximately 2m th ick  fo l low ed  
by 2m o f  sem i-p e l i te ,  2m psammite/semi-psammite in  30cm f l a g s ,  and a 
fu r th er  2m o f  the pink weathering psammite, (F igure 2 .2 ) .
C a lc - s i l i c a t e  bands and pods are extremely r a r e ,  w ith in  the form ation , 
but white c a l c - s i l i c a t e  pods, up to  25cm long and 10cm th ick  do occur w ith in  
the psammites and semi-psammites near the v i s i b l e  base o f  the fo rm ation .
i i .  Carn Dearg Psammite
The Carn Dearg Psammite occurs on the northwestern side o f  Creag Mhor, 
in the poorly  exposed ground o f  the A l l t  Fe ith  a’ Mhoraire v a l l e y  and over 
the w e l l  exposed summit o f  Carn Dearg (NN 481985) a t ta in in g  a maximum 
thickness o f  740 metres.
A
Pink psammite
semi-psammite, units 30 cm. 
thi ck
semi-peli te
Pink psammite, with thin  
micaceous laminae defin ing  
bedding 15 cm thick
F igure  2 .2 :  Rhythmic u n its  in  the Creag MhSr Psammite.
massive semi-psammite
convolute bedding in 
semi-psammi te
striped semi-pelite /  semi- 
psammite, with graded bedding 
individual units up to 20 cm thick
massive semi-psammite
F ig u re  2 .3 : Rhythmic u n its  in the Knockchoilum Semi-psammite.
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In contrast to  the underly ing Creag Mhor Psammite the formation i s  
90% psammite w ith  im pers istent semi-psammites developed at the base, 
grading down in to  the s e m i -p e l i t i c  band marking the top  o f  the Creag Mhor 
Psammite. The semi-psammites are w e l l  banded in  f la g g y  un its  approx­
imately 15cm th ick  separated by th in  s e m i-p e l i t e  laminae.
The psammites are massive and bu ff-weathering  w ith  in d is t in c t  bedding 
occas iona l ly  marked by r i c h  laminae up to  1cm th ic k ,  in d iv id u a l  u n its  can 
exceed lm in th ickness, but are g e n e ra l ly  between 30 and 50cm th ick .  They 
are w e l l  jo in ted  and weather in to  la rg e  b locks . Where bedding i s  marked 
by mica laminae small sca le  c ross- lam inat ion  can be recogn ised , which 
in va r ia b ly  shows that the bedding i s  uninverted . S em i-p e l i te  bands upto 
10cm th ick  a ls o  occur between massive psammites. In the c e n tra l  po r t ion  
o f  the psammite on Carn Dearg there  i s  a la rg e r  lens o f  s e m i-p e l i t e  
approximately 15m long and 5m th ick  (Chapter 9 ) .  The top o f  the fo rm ation  
is  marked by the grada t iona l appearance o f  dominantly semi-psammitic 
l i t h o lo g i e s  c h a r a c t e r is t i c  o f  the o v e r ly in g  A l l t  Luaidhe Semi-psammite.
i i i .  A l l t  Luaidhe Semi-psammite
Exposed in  the bed o f  the A l l t  Luaidhe and on the western s ide  o f  
Carn Dearg, the A l l t  Luaidhe Formation cons is ts  o f  th in ly-bedded  semi- 
psammites and psammites w ith  subordinate s e m i-p e l i t e  and s t r ip e d  semi- 
psammite/ sem i-p e l i te  bands. The formation v a r ie s  in  th ickness from north 
to south from 990m to  590m.
The semi-psammites and psammites are o f te n  pinkish and are r i c h  in  
haematite and p y r i t e .  In d iv idu a l un its  are 15-20cm th ick .  Some psammites 
contain coarse-gra ined bands w ith  gra ins up to  2mm in diameter, thought t o  
represent the o r ig in a l  c la s t s .  However, adjacent to  the C orr ieya irack  
G ranod ior ite , the semi-psammite l i t h o l o g i e s  have developed a coarse 
texture as a r e s u l t  o f  h o rn fe ls in g  (Chapter 6 ) .
Plate 2.1
Plate 2.2
t S tr iped  semi-psammite/ s e m i-p e l i t e  in  the A l l t  Luaidhe 
Semi-psammite (NN 46909782).
i ' M igmatitic* s em i-p e l i t e  from the base o f  the Coire nan Laogh 
S em i-pe lite  (NH 47480162).
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Semi-psammites and s e m i-p e l i t e s  occur in  rap id  a l t e rn a t io n ,  in  units 
4 -  6cm th ick  (P la t e  2 .1 ) .  The semi-psammite bands o f  th is  s tr iped  
l i th o lo g y  o c ca s io n a l ly  conta in c ross - lam in a t ion  in d ica t in g  that the form­
ation i s  un inverted . Like much o f  the formation e s p e c ia l l y  in  the south 
adjacent to  the Corr ieya irack  G ran od io r ite  these s t r ip ed  units contain 
numerous quartz  v e in s ,  o f ten  s t r o n g ly  boudined and a ls o  pegmatite and 
g ra n it ic  v e in s .  S em i-pe lites  a ls o  occur in  bands up t o  2m th ick  conta in ing 
thin semi-psammitic r ib s .  Thin p oo r ly -d eve lop ed  white c a l c - s i l i c a t e  pods 
and bands 1 -  1.5cm th ick  and ex tend ing  15 -  20cm l a t e r a l l y  occur in  a 
few l o c a l i t i e s  w ith in  the semi-psammite u n its .
i v .  Gairbeinn Pebbly Semi-psammite
The f i r s t  recogn isab le  pebble band, w ith in  a dominantly semi-psammitic 
l i t h o lo g y ,  marks the base o f  the Gairbeinn Pebb ly  Semi-psammite, which 
forms the south eastern  slopes o f  th e  NE-SW trending Gairbeinn r id g e .
The formation w ith a th ickness o f  670 metres, c o n s is ts  o f  a poorly  
sorted , coarse grained semi-psammite w ith pebble bands up to  20cm th ick ,  
and subordinate sem i-pe l i te  and psammite bands.
The pebbles vary  from 2mm to  6cm ( y - a x i s )  in  diameter w ith  a general 
increase in  s ize  towards the top o f  the formation and towards the north­
east. The increase in  gra in  s iz e  i s  accompanied by a change in  compos­
i t io n  from predominantly pebbles c o n s is t in g  o f  quartz and fe ldspar  
aggregates near the base, to  pebb les o f  quartz aggregates  near the top o f  
the form ation .
The pebbles occur in  l e n t i c u la r  bands, averaging 10cm th ick ,  which 
extend l a t e r a l l y  fo r  2 or 3m. They become th ick e r  and more frequent 
towards the top o f  the formation where they form small r id ges  in the 
topography. The pebbles are set in  a dominantly s e m i-p e l i t i c  matrix.
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(P la te  5 .9 ) .
Towards the base o f  the formation the pebble bands occur in  small 
f in ing  upwards c y c l e s ,  up to  6cm th ic k ,  w ith  a decrease in  frequency o f  
the pebbles rep resen t in g  a decrease in  g ra in  s iz e  and an increase  o f  the 
proportion o f  mica across each unit (P la t e  5 .9 ) .  Between the pebble bands 
there are su b s ta n t ia l  th icknesses o f  psammites, semi-psammites and semi- 
p e l i te s  o ften  in  graded u n its  2 -  4cm th ick .  The semi-psammites and 
psammites a lso  occu r in  more massive u n its  up to  20cm th ick  which some­
times contain cross-bedd ing  o c c a s io n a l ly  a lso  ev iden t in  the pebble bands. 
However, a l l  l i t h o l o g i e s  con ta in  s ca t te red  c l a s t i c  fragments. Thin white 
c a l c - s i l i c a t e  bands, 1cm t h ic k ,  a lso  occur sp o ra d ica l ly  w ith in  the semi- 
psammites.
The upper 300 metres o f  the unit d isp lays  a p la ty  f a b r i c  w h ile  
extreme rodding and f la t t e n in g  o f  the pebbles becomes ev id en t  in  the top 
150 metres. Th is  i s  a ssoc ia ted  w ith  the 'Ga irbe inn  S l id e '  (d iscussed  in  
Chapter 7) which has o b l i t e r a t e d  o r i g in a l  sedimentary fe a tu re s .  I t  i s  
not known however whether the s l id e  has cut out any form ations which may 
formerly have o v e r la in  the Gairbeinn Pebbly Semi-psammite.
b. The C orr ieya irack  Succession
The C orr ieya irack  Succession outcrops in  the C orr ieya irack  Pass area 
and reaches a maximum th ickness o f  4400 metres. The const itu en t formations 
are repeated about the C orr ieya irack  Syncline (Enclosure 1 ) .
The succession has been d iv id ed  in to  f i v e  l i t h o s t r a t i g r a p h ic  form­
ations, three o f  which are those recogn ised  in  the Loch K i l l i n  area by 
Whittles (1981) ( s e e  Table 2 . 1 ) .
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i .  Coire nan Laogh S em i-p e l i te
The lowest formation recogn ised  in  the Corr ieya irack  Succession i s  
the Coire nan Laogh S e m i-p e l i t e ,  seen o n ly  on the south eastern  limb o f  
the Corr ieya irack  Sync line . I t  l i e s  s t r a t i g r a p h i c a l l y  below the Fechlin  
Psammite which i s  the lowest form ation  recogn ised  in  the Loch K i l l i n  area 
(W h itt le s ,  1981).
The s em i-p e l i t e  outcrops on the northward fa c in g  slopes and summit 
o f  the Gairbeinn r id g e  (NN 461985), in  the upper reaches o f  the R iver 
T a r f f  (NN 460995), in  the A l l t  Ya irack (NN 443071) and in  A l l t  a’ Mhill 
Ghairbh (NN 449800).
The fo rm ation , w ith  a th ickness o f  840m, co n s is ts  o f  s e m i-p e l i t e  w ith  
subordinate semi-psammites and q u a r t z i t e s ,  w ith  a gradual increase  in  the 
proportion o f  semi-psammite towards the top  o f  the form ation .
The s e m i-p e l i t e s  are g e n e ra l ly  dark grey-brown and f in e  gra ined , 
occurring in u n its  6 -  8cm th ic k ,  w ith  r i b s  o f  semi-psammite and q u a r tz i t e  
up to  10cm th ic k .  In the R iver T a r f f ,  d i r e c t l y  underly ing the Fech lin  
Psammite, the s e m i-p e l i t e s  are f i n e l y  jo in t e d  w ith  a mauve-green co lour 
due to  the development o f  c h lo r i t e  a long planes o f  l o c a l  shearing p oss ib ly  
a product o f  the competency con trast  between the psammite and s em i-p e l i te  
l i t h o lo g ie s  or lo c a l  fa u l t in g .  Further southwest, the Coire nan Laogh 
F-ormation becomes more psammitic occu rr ing  in bedded u n its  up to  10cm 
thick and grad ing up in to  the o v e r ly in g  Knockchoilum Semi-psammite. 
Semi-psammites and th in  q u a r tz i t e  r ib s  a ls o  occur l o c a l l y  towards the base 
o f  the formation.
White c a l c - s i l i c a t e  bands are abundant in the s e m i-p e l i te s  and are 
e s p e c ia l ly  w e l l  developed on the northwestern s lopes o f  Gairbeinn ,
(NN 459989). They range up to  10cm in th ickness and are tra ceab le
Plate 2.3 : Str iped  psaramite/semi-pelite at the top o f  the Knockchoilum 
Semi-psammite (NH 403037).
Plate 2.4 Monadhliath Sem i-pe l i te  from Meallan Odhar (NH 391004) 
showing strong S^/S  ^ f o l i a t i o n .
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la t e r a l l y  fo r  1 -  2m. No sedimentary s tru c tu res  have been observed in the 
formation.
The basal 150 metres o f  the s e m i-p e l i t e  have a coarse-gra ined  
migmatitic tex tu re  and conta in  small q u a r tz o - fe ld s p a th ic  segregat ions  
obscuring o r i g in a l  sedimentary fea tu res  (P l a t e  2 .2 ) .  No c a l c - s i l i c a t e  
bands were found. The g ra in  s iz e  a t ta in s  a maximum o f  5mm in  the centre 
o f  th is  basal zone and there i s  a sharp co n tra s t  at the base between 
r e l a t i v e l y  f in e -g ra in e d  sem i-p e l i te  con ta in in g  q u a r tzo - fe ld sp a th ic  
segregations and the underly ing Gairbeinn Pebbly Semi-psammite f r e q u en t ly  
obscured by f e l s i t e  dykes. I t  i s  proposed that th is  tex tu re  and the sharp 
contact between the C orr ieya irack  and G lensh irra  Successions are the 
e f f e c t s  o f  a t e c t o n ic  d is co n t in u ity ,  ’ the Gairbeinn S l id e * ,  d iscussed in  
more d e ta i l  in Chapters 6 and 7.
The upper contact o f  t h is  m igm atit ic  s em i-p e l i t e  w ith  the remainder 
o f  the Coire nan Laogh Sem i-pe lite  i s  g ra d a t io n a l ,  w ith a decrease in  
grain s ize  and proportion  o f  q u a r tz o - fe ld s p a th ic  seg rega t ions . O r ig in a l  
l i t h o lo g i c a l  v a r ia t io n  can be observed approx im ately  150m above the base 
where the s e m i-p e l i te s  show the coarsened tex tu re  but semi-psammitic r ib s  
remain una ffec ted . Above occurs the normal f in e  grained s e m i-p e l i t e .
i i .  Fechlin Psammite
The Fechlin Psammite outcrops in  the north  east corner o f  the 
Corrieyairack a re a ,  where i t  a t ta in s  a maximum thickness o f  640 metres.
The formation th ins r a p id ly  t o  the southwest p oss ib ly  due t o  a fa c ie s  
va r ia t ion  and disappears w ith in  2250 m etres.
The psammites are w e l l  exposed in  the upper reaches o f  the R iver 
Tarff where they are pale g rey  and f in e  g ra in e d .  In d iv idu a l units va ry  
from lm to  20cm th ick  and d isp la y  convolu te bedding (P la t e  5 .1 0 ) ,  c ross -
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lamination, planar bedding. Thin s e m i - p e l i t i c  laminae separate in d iv idu a l 
units and some s t r ip y  semi-psammitic un its  a ls o  occur. C a lc ite  bearing 
pods and lenses approx im ate ly  8cm th ick  and 15cm long occur w ith in  the 
massive psammites.
Load casts and the c y c l i c  r e p e t i t i o n  o f  graded u n its ,  and other 
sedimentary structures reco rded  in  the R iver F ech l in , on the northwestern 
limb o f  the Corr ieya irack  syn c l in e  (W h i t t le s ,  1981) were not observed in  
th is  area.
i l i .  Knockchoilum Semi—psammite
The Knockchoilum Semi —psammite comprises n ea r ly  h a l f  o f  the 
Corrieyairack Succession. I t  covers  a la rg e  part o f  the Glen Doe E s ta te ,  
and outcrops on Carn a Chu il inn , in  the R iver  T a r f f ,  A l l t  Lagan a Bhainne, 
A l l t  Uisg a’ Chaime, on C o r r ie ya ira ck  H i l l  and in  A l l t  Yairack (Enclosure 1 ) .
The formation c o n s is t s  o f  1800 metres o f  monotonous semi-psammites 
typ ica l  o f  Moine l i t h o l o g i e s ,  w ith  the l o c a l  development o f  psammites and 
quartz ites  and a s t r ip y  l i t h o l o g y  near the top  o f  the form ation .
In the Loch K i l l i n  a r e a ,  W h it t le s  (1981) subdivided the formation 
into  an upper Glen Doe Semi-psammite, d is t in gu ish ed  by the presence o f  
white c a l c - c i l i c a t e  bands and a lower Knockchoilum Semi-psammite ch arac ter ­
ised by the presence o f  g reen  c a l c - s i l i c a t e s .  White c a l c - s i l i c a t e  bands 
were not found w ith in  the semi-psammites o f  the C orr ieya irack  a re a ,  
possibly due to  fa c ie s  v a r i a t i o n  and the su bd iv is ion  o f  the formation was 
therefore not p oss ib le ,  th e  name Knockchoilum being a p p lied  to  a l l  the 
semi-psammites between the Fech lin  Psammite and Monadhliath S e m i-p e l i t e .
The semi-psammites a r e  pale g rey  and f in e  gra ined , occurr ing  in 
f laggy  units vary ing from 6cm to  lm in  th ickness , separated by s e m i-p e l i t e
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bands up t o  6cm th ic k .  Coarse gra ined  bands up to  6cm th ick  o c ca s io n a l ly  
occur w i th in  the semi-psammites w ith  g ra ins  up to  2mm in  diameter and 
grading i n t o  s em i-p e l i te  b e fo re  a l o c a l  e ros ion  su r fa ce . Thinner graded 
units occur which lack the coarse gra ined  component.
R ipp le  c ross- lam inat ion  up to  6cm in  amplitude, are common, and 
convolute bedding i s  a ls o  l o c a l l y  preserved . These sedimentary structures 
are o c c a s io n a l ly  repea ted  in  a c y c l i c  pa tte rn ; w ith  50cm massive semi- 
psammite, o v e r la in  by 50cm o f  s t r ip e d  and graded semi-psammite/semi-pelite 
bands, in d iv id u a l  bands 2 -  4cm th ick  w ith  sharp e ro s io n a l  bases, in  turn 
over la in  by 30cm o f  convolu te bedding (F igu re  2 . 3 ) ,  (P la t e  5.8 & 5 .12 ).  
Elsewhere the semi-psammites are massive and p a r a l l e l  bedded. The semi- 
psammites conta in ra re  green c a l c - s i l i c a t e  bands up to  4cm th ic k ,  but 
c a lc i t e  bear ing  pods and lenses  reach ing  lm in  length  and 10cm th ick  are 
more abundant (P la t e  5 .1 4 ) .
Near the top o f  the form ation  in  the Garbh Coire (NH 435018) and 
Bac nam Fuaran (NH 435009) the fo rm ation  develops much more v a r ie d  l i t h ­
o lo g ie s ,  in  p a r t icu la r  in c lu d ing  s t r ip e d  semi-psammite/semi-pelite bands 
up to  20cm th ick  in  rap id  a l t e rn a t io n  over  a th ickness o f  250m (P la t e  2 .3 )  
and quartzite/psammite bands up to  20cm th ick  separated by th in  s em i-p e l i te  
bands. The q u a r tz i te s  occur as an im pers is ten t  and v a r ia b le  su ite  which 
often occurs  at or near the base o f  the Monadhliath S e m i-p e l i t e  but e l s e ­
where never  exceeds 10m in  th ickness . The s t r ip e d  l i t h o l o g y  i s  tra ceab le  
for 3km southwestwards, and on the northwestern limb o f  the sync line  
occurs on Carn Doire Chaorach (NH 490480) and in  the A l l t  S e a n g h a i l ,
(NH 394024). Elsewhere the t r a n s i t io n  from the Knockchoilum Semi-psammites 
to the Monadhliath S e m i-p e l i te  i s  r a p id ,  tak ing place over  approximately 
10m and in  places i t  i s  marked by a p la t y  fa b r ic  w ith in  the s em i-p e l i t e s  
thought t o  be a r e s u l t  o f  the competency con trast between the two 
fo rm ations.
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i v .  The Monadhliath Sem i-pe lite
The Monadhliath S em i-p e l i te  outcrops in  three main a reas , and does 
not form the continuous outcrop proposed by Anderson (1956).
The formation occupies the core o f  the C orr ieya irack  Syncline on 
Carn a Chuilinn (NH 471036) in  a b e lt  continuous w i th  the outcrop in  the 
Loch K i l l i n  Area. I t  i s  absent south o f  Carn a’ Chuilinn due to  the g en t le  
NE plunge o f  the syn c l in e ,  and on ly  reappears south o f  the R iv e r  T a r f f  due 
to the change in plunge o f  the sync line  t o  a southwards plunge and the 
e f f e c t s  o f  the S ro n la ir ig  Fault (Chapter 5 ) .  The southern outcrop 
bifucates in  A l l t  Coire na Ceire (NH 421003) (Map 1 )  around the o v e r ly in g  
Carn Leac Semi-psammite a t ta in in g  a th ickness o f  620m and can be tra ced  as 
far as the C orr ieya irack  Granodiorite  in  the south and on the northwestern 
limb o f  the syncline as fa r  as Glen Roy (Haselock & Winchester, 1981).
The formation a lso  occurs w ith in  the T a r f f  Gorge ( s e e  Section  C).
The formation cons is ts  almost e n t i r e l y  o f  s e m i-p e l i t e  w ith  minor 
proportions o f  q u a r tz i t e  and semi-psammite and l o c a l l y  abundant white 
coloured c a l c - s i l i c a t e  bands. The sem i-p e l i te s  a r e  g en e ra l ly  f in e  grained 
and dark g r e y ,  although l o c a l l y  s i l v e r y  g rey ,  and on Meallan Odhar 
(NH 399003), the s e m i-p e l i t e  i s  s l i g h t l y  coarser g ra ined  and segregated 
into quartz and fe ld spa r  and mica lenses  (P la te  2 . 4 ) .  Quartz segregations 
or secret ion  lenses up to  10cm long and 4cm thick occur throughout the 
sem i-pe l i te ,  but are more common on Meallan Odhar and in A l l t  Coire na 
Céire (NH 409010) (P la t e  2 .4 ) .
Quartzite bands, va ry ing  from white to  pink in  co lour , occur sporad ic­
a l l y  throughout the formation and although reaching 15m th ic k ,  in d iv id u a l  
bands cannot be traced  fo r  more than 500metres and are g e n e ra l ly  on ly  
2 metres th ick , w ith  in d iv idu a l un its  va ry in g  from 6 to  15cm th ick  and 
containing no sedimentary s truc tu res . They bear l i t t l e  resemblance to  the
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massive current bedded E i ld e  Q u artz ite  o f  the Lochaber Subgroup, with 
which they have p rev iou s ly  been equated (Anderson,1956, P ia s e c k i ,1975).
The q u a r tz i te s  are more common towards the base o f  the formation where 
they a lso  occur in  a t h in ly  s t r ip e d  l i t h o l o g y  w ith  s e m i-p e l i t e s ,  each band 
only 0.5 -  1cm th ick .
The s e m i-p e l i t e s  a ls o  con ta in  r ib s  o f  semi-psammite w ith  which the 
white c a l c - s i l i c a t e  bands are o f te n  a ssoc ia ted . No sedimentary structures 
have been recogn ised .
The c a l c - s i l i c a t e  bands occur w ith in  the c en tra l  po rt ion  o f  the form­
ation and the s e m i-p e l i t e  near the base i s  devoid  o f  c a l c - s i l i c a t e  bands. 
Nowhere are they as w e l l  developed as in  the Monadhliath Sem i-pe l i te  o f  
Loch K i l l i n  (W h i t t le s ,  1981) as they  on ly  reach 6cm in  th ickness , and are 
usually on ly  3 or 4cm in  th ick n ess , t ra ceab le  l a t e r a l l y  fo r  1 -  2m.
v .  The Carn Leac Semi-psammite
The Carn Leac Semi-psammite i s  the h ighest formation recogn ised  in 
the Corr ieya irack  area . I t  occurs south o f  A l l t  Coire na Ceire (NH 412003) 
in the core o f  the C orr ieya irack  Sync line . I t  has been traced  as fa r  as 
the River Roy where i t  a t ta in s  a maximum th ickness o f  approx imately 500m 
(Haselock & W inchester, 1981).
The formation has a g rad a t ion a l contact w ith  the underly ing 
Monadhliath S e m i-p e l i t e ,  and in  the A l l t  Dubh (NN 386949) i s  o v e r la in  by 
s i l v e r y  grey  s e m i-p e l i t e s  s im i la r  t o  the Leven Schist formation o f  the 
Lochaber Subgroup o f  the Dalradian. As the Carn Leac Semi-psammite has 
no proven l i t h o l o g i c a l  equ iva len t  w ith in  the Lochaber Subgroup i t  is  
considered to  be the h ighest formation o f  the Grampian D iv is ion  in the 
Corrieyairack Area (Haselock 6 Winchester, 1981).
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The semi-psammites are pale g rey ,  and f in e  grained in  un its  4 -  20cm 
thick, separated by s e m i-p e l i t i c  bands up to  10cm th ick .  The formation 
becomes more psammitic southwards and towards the top  w ith  an increase in 
the average th ickness o f  in d iv id u a l  u n its .
The semi-psammites o c c a s io n a l ly  conta in  preserved c ross - lam in a t ion  
and small sca le  graded u n its ;  they a ls o  conta in  ca lcareous bands 3 -  4cm 
thick and up to  lm long.
c. The T a r f f  Gorge Section
The rocks o f  the lower T a r f f  Gorge form a s t r u c tu r a l l y  complex area , 
in which the s ta te  o f  s t r a in  makes c o r r e la t io n  w ith  the fo rm ations  o f  the 
rest o f  the Corr ieya irack  Succession d i f f i c u l t .  The l i t h o l o g i e s  are 
extremely v a r ie d ,  ranging from psammites and q u a r tz i te s  t o  s e m i-p e l i t e s  
and p e l i t e s  over the 3km length  o f  the gorge . The s t ru c tu ra l  in t e rp r e ta t io n  
o f  the sect ion  ou t l in ed  in  Chapter 7, suggests that the s e c t io n  co n s is ts  
o f  in fo ld s  o f  the Monadhliath S em i-p e l i te  together  w ith  a small o u t l i e r  
o f  Carn Leac Semi-psammite repea ted  by Dl and D2 fo ld in g .
Semi—p e l i t e s  comprise 80% o f  the sec t ion  and are g e n e r a l l y  f in e  
grained and s i l v e r y  g rey  in  co lour w ith  garnet porphyrob lasts  and abundant 
quartz segregation  lenses and boudins. L o c a l ly  the semi—p e l i t e s  co n s is t  
o f  small quartz and fe ld spa r  and mica lenses s im ila r  to  th e  semi—p e l i t e s  
o f  the Meallan Odhar. No c a l c - s i l i c a t e  bands have been r e c o gn is e d .  The 
striped l i t h o lo g y  o f  A l l t  Sean g a i l  (NH 394024) i s  fo l l o w e d  by a q u a r tz i t e  
band 10m th ick  fo l low ed  by a s t r ip e d  psammite/semi-pelite l i t h o l o g y  in  
which ind iv idu a l bands are 0.5 -  1cm th ick .  This i s  f o l l o w e d  by a psammite 
with an e a r ly  m y lon it ic  fa b r ic  and an outcrop width o f  800m o f  s e m i-p e l i t e  
with occasional bands o f  semi-psammite. F laggy grey  semi—psammites w ith
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ind ividual un its  up to  20cm th ick  occur a t  NH 390034, and these are 
thought to  represent the Carn Leac Semi-psammite. S em i-p e l i te s  reoccur to  
the north w ith  occasiona l th in  q u a r tz i te  bands, a t h in ly  s t r ip ed  psammite/ 
sem i-pe lite  l i t h o lo g y  and q u a r tz i te  bands up to  15m th ick .  The q u a r tz i t e  
bands consis t  o f  white un its  between 4 and 30cm th ick  w ith  th in  semi- 
p e l i t i c  partings  and a lso  conta in ing ca lca reou s  bands. They have a p la ty  
fabric  marked by e longa t ion  o f  quartz and fe ldspar  g ra in s ,  no sedimentary 
structures were recogn ised . The T a r f f  Gorge Section i s  described in  
greater d e t a i l  w ith  re fe rence  to  the complex structure o f  the area in  
Chapter 7.
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CHAPTER 3 : PETROLOGY OF THE METASEDIMENTS
1. INTRODUCTION
2. SEMI-PELITES AND PELITES 
a. Migmatitic S em i-p e l i te s
3. QUARTZITES
4. PSAMMITES AND SEMI-PSAMMITES
a. Gairbeinn Pebb ly  Semi-psammite
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1. INTRODUCTION
The metasediments o f  the C orr ieya irack  area have been d iv ided  in  the 
f i e l d  in to  f i v e  rock types i q u a r t z i t e s ,  psammites, semi-psammites, p e l i t e s  
and s e m i-p e l i te s  according t o  the r e l a t i v e  proportions o f  mica, quartz and 
fe ldspar they  con ta in . Subsequent modal ana lys is  based on 1000 po in ts  fo r  
32 rep resen ta t ive  samples o f  the d i f f e r e n t  rock types r e s u lted  in  the 
fo l low in g  d e f in i t i o n s ,  although due to  the su b jec t ive  nature o f  the 
d iv is io n  in  the f i e l d  there i s  some o ve r lap  o f  the groups.
Table 3.1
ROCK TYPE Quartz Feldspar Mica (%)
Q u artz ite > 7 0  < 2 0 < 1 0
Psammite > 5 0  > 2 0 < 2 0
Semi-psammite 80-60 20-40
Sem i-pe l i te 60-30 40-70
P e l i t e <  30 > 7 0
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2. SEMI-PELITES AND PELITES
S e m i-p e l i t ic  l i t h o l o g i e s  occur w ith in  a l l  the formations in  both the 
Corrieya irack and G lenshirra  Successions, but they occur p r in c ip a l ly  w ith in  
the Monadhliath Sem i-pe lite  fo rm ation , the Coire nan Laogh Sem i-pe lite  and 
at the top o f  the Creag Mhor Psammite. Elsewhere the Sem i-p e l i te  and 
p e l i t e  bands are th in ,  l e n t ic u la r  and im p e rs is ten t .
B io t i t e ,  quartz and p la g io c la s e  are e s s e n t ia l  const itu en ts  o f  the 
sem i-pe l i tes  toge ther  w ith v a r ia b le  proportions o f  muscovite, a p a t i t e ,  
sphene, z irc o n  and opaques. Garnet, k ya n ite ,  f i b r o l i t e ,  anda lus ite , 
ep idote , a l k a l i  fe ld spa r  and g rap h ite  are a ls o  found in  some samples} 
th e ir  occurrence c o n tro l le d  both by the whole rock chemistry and va r ia t io n s  
in metamorphic cond it ions  (see  Chapter 4 ) .
S em i-p e l i te s  from the C o rr ieya ira ck  Succession can be d is tingu ished  
from those o f  the G lenshirra Succession by the presence o f  garnet and 
red-brown b i o t i t e  which con trasts  w ith the da rk -g reen /o l ive -g reen  b i o t i t e  
from the G lensh irra  Succession. These d i f f e r e n c e s  are discussed in  more 
d e ta i l  w ith  r e fe ren ce  to  the geochem istry  o f  metasediments (Chapter 4 ) .
B i o t i t e . B io t i t e  from the S em i-p e l i te s  and P e l i t e s  o f  the Glenshirra 
Succession i s  p leoch ro ic  from o l i v e - g r e e n  to  almost black
(Z = black -  dark green/brown, Y = o l i v e  green , X = ye l low  green ) 
and occurs as e longate  la ths  up t o  2mm long w ith  i r r e g u la r  embayed out­
l in es  but few in c lu s ion s .  These la th s  are o f te n  surrounded by numerous 
minute gra ins o f  b i o t i t e  in  o p t i c a l  c o n t in u ity  w ith  each other and the 
la rger  la th s  g iv in g  a shredded appearance (P la t e  3 .1 ) .  This tex tu re  a lso  
occurs, but more l o c a l l y ,  w ith in  s e m i-p e l i t e s  from the Corr ieya irack 
Succession, p a r t i c u la r ly  in  the rocks which a ls o  conta in  kyan ite ,  and i s  
thought to  be the r e s u l t  o f  a second episode o f  b i o t i t e  growth. A lte rn -
Plate 3.1
Plate 3.2
t 'Shredded b i o t i t e '  from sem i-p e l i te  from the Gairbeinn 
Pebbly Semi-psammite (plane po la r ised  l i g h t ) .
: Crenulation o f  s1/s 2 ( t ° P  ~ bottom) by S2 ( l e f t  -  r i g h t )
(plane p o la r is ed  l i g h t ) .
Scale bar represents 0.1mm

33
a t i v e l y  the f a b r i c  may be the r e s u l t  o f  shearing and mechanical d is rup tion  
o f  p re -e x is t in g  la th s  (See Spry ,1969 p .235 ). However the widespread but 
i r r egu la r  d is t r ib u t io n  o f  the f in e  grained b i o t i t e  suggests that th is  
o r ig in  i s  u n l ik e ly ,  and the assoca tion  o f  t h i s  tex ture  w ith  the kyan ite -  
bearing s e m i-p e l i t e s  suggests i t  i s  p o ss ib ly  the r e s u l t  o f  r e a c t io n s  
in vo lv ing  the production  o f  kyan ite .
The b i o t i t e  from se m i-p e l i t e s  from the C orr ieya irack  Succession 
va r ie s  from brown t o  reddish-brown and conta ins numerous in c lu s ion s  o f  
z ircon . The b i o t i t e  la ths  are g e n e ra l ly  more id io b la s t i c  than those o f  
the Glenshirra Succession w ith  few embayed edges but they o f t e n  show 
a l te ra t io n  along the c leavage to  c h lo r i t e .
Muscovite occurs in  v a r ia b le  p roport ions , from more than 50% o f  
the t o t a l  mica t o  a few f la k e s  which are the r e s u l t  o f  l a t e  stage  a l t e r ­
a t ion . Where muscovite occurs as an e a r ly  phase i t  occurs as th in  la ths  
elongate p a r a l l e l  t o  the dominant f o l i a t i o n .  The la th s  have f a i r l y  high 
r e l i e f  and a pa le  brown co lou r . The o p t ic  a x ia l  angle o f  the muscovite 
averages 15°, in d ic a t in g  the presence o f  a high paragon ite component, 
with su b s t i tu t ion  o f  Na fo r  K in the muscovite s truc tu re . Th is occurs 
in c reas in g ly  w i th  increas ing  metamorphic grade (Lambert, 1959). Although 
more common w i th in  the C orr ieya irack  Succession, some s e m i-p e l i t e s  o f  the 
Glenshirra Succession a lso  conta in  up to  40% modal muscovite (Tab le  3 .2 ) .
In both cases muscovite growth appears to  s l i g h t l y  postdate b i o t i t e  growth 
as the muscovite la th s  cross-cut the b i o t i t e .
Large muscovite porphyrob lasts , c o n s is t in g  o f  randomly o r ien ta ted  
and almost equ id imensional la th s ,  w ith  few la rg e  quartz in c lu s io n s ,  cross 
cut the dominant f o l i a t i o n  and overgrow the main f a b r ic .  These are 
obviously  post—te c t o n ic  and may be a ssoc ia ted  w ith K metasomatism or 
contact metamorphismi in trus ion  o f  the g ra n o d io r i te  bodies r e s u l t in g  in 
the r e d is t r ib u t io n  o f  muscovite a lready  present in  the rock . However, 
the porphyroblasts  are not r e s t r i c t e d  to  the prox im ity  o f  the g ran od io r ites  
and occur throughout the area.
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TABLE 3.2: MODAL ANALYSES OF SEMI-PELITES AND PELITES
Sample no. 155 7869 7867 263 171 180 206B 191 72 268
Quartz 27 22 7 18 38 24 10 26 25 22
P l a g i o c l a s e 23 13 8 9 16 23 22 22 15 16
K -F e ld s p a r t r 14 .5 - - - - - - 12
B io t i  t e 29 50 59 33 21 20 19 19 34 42
M u sco v ite 19 1 10 40 17 24 47 32 25 7
Garnet - - - - 4 5 .8 1 - -
Kyani t e - .3 7 - - - - - - -
F i b r o l i t e - - 8 - - - - - - -
C a l c i t e - - - - - .4 .3 - - -
E p id o te .5 .3 - t r - - - - - t r
Sphene - - - - - .2 t r - - -
Opaque 1 .3 .3 t r 4 1 t r .3 .4 t r
C h l o r i t e - - - - - 2 .3 t r - t r
Tou rm a lin e - - - - .2 .2 .2 - - -
Apa t i  t e .6 .3 .2 .5 .5 .3 .2 t r .5 .2
Z i r c o n - - t r - t r t r t r t r t r t r
T o ta l 100.1 100 .9 100.0 100 .6 100.7 100.3 100 .0 100 .4 99 .9 99
155: Creag Mhor Psammite 
7869: Creag Mhor Psammite 
7867: Creag Mhor Psammite 
263: Carn Dearg Psammite 
72: Creag Mhor Psammite 
268: Creag Mhor Psammite
Glenshirra Succession
171: Monadhliath Semi-pelite 
180: Monadhliath Semi-pelite 




Both b i o t i t e  and the ea r ly  muscovite la ths show strong p re fe rred  
o r ien ta t io n s  w ith in  the s e m i-p e l i t e s , d e f in in g  a Sq/S^ f o l i a t i o n .  The 
f o l i a t i o n  is  a c renu la t ion  cleavage in  many o f  the s e m i-p e l i t e s ,  w ith  small 
b i o t i t e  la ths o r ien ta ted  at high angles t o  the dominant f o l i a t i o n  w ith in  
the quartz and fe ldspar  r i c h  domains o f  the crenula t ion  c le a va g e ,  r ep re ­
senting the Sq fa b r ic .  The fa b r ic  i s  in  turn crenulated by D2 and 
where D2 i s  more in tense , fo r  instance on Meallan Odhar, Pollgormack H i l l  
and in  the T a r f f  Gorge (Enclosure 1 )  the b io t i t e s  are r e o r ie n ta ted  in to  a 
crenu la t ion  c leavage (P la t e  3 .2 ) .
On the SE limb o f  the Corr ieya irack  Sync line , i s  the dominant 
fa b r ic  and i t  i s  not a f f e c t e d  by c ren u la t ion s . Here, the b i o t i t e s  
s t i l l  show two fa b r ic s «  one p a r a l l e l  to  the dominant f o l i a t i o n  and a 
second at an ob lique angle to  the bedding represen ting  (P la t e  3 .3 ) .
A weak c ross -c ren u la t ion  can be seen in  sem i-p e l i te s  from the T a r f f  
Gorge, almost at r ig h t  ang les to  the dominant fa b r ic  and as , in  th is  
case the in d iv id u a l  mica la th s  are fo ld e d ,  i t  i s  thought that th is  i s  a 
D3 crenu la t ion  (P la t e  3 .A ) .
Quartz gra ins w ith in  the s e m i-p e l i t e s  and p e l i t e s  show a wide 
v a r ia t io n  o f  s iz e  and shape. The quartz fa b r ic s  va ry  from an equidimen- 
s iona l g ranob las t ic  tex tu re  in a sso c ia t ion  w ith p la g io c la s e ,  to  ribbon 
quartz w ith pronounced deformation bands and sutured gra in  boundaries.
The equidimensional g ran ob las t ic  tex tu re  i s  more common, occurr ing  in  the 
quartz and fe ld spa r  domains o f  the and crenu la t ion  c leavages  w ith in  
the Corr ieya irack  s e m i-p e l i te s  and a lso  w ith in  a l l  the G lenshirra  
Succession s e m i-p e l i t e s .  The r ibbon quartz  occurs in  rocks a f fe c t e d  by 
intense D2 s t ra in s ,  as on Meallan Odhar (Enclosure 1 ) .
The g ranob last ic  tex tu re  o f  most o f  the quartz fa b r ic s  suggests
P la te  3.3
P la te  3.4
i Weak S_ b i o t i t e  fa b r ic  ob lique to  S,/S b i o t i t e  f a b r i c  
Z 1 O
(p lane po la r ised  l i g h t ) .
t Weak D3 crenu la t ion  o f  mica fa b r ic .
Knockchoilum Semi-psammite (crossed n i c o l s ) .
Scale bar represents 0.1mm
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that the rocks a re  approaching equ il ib r iu m  and post t e c to n ic  r e c r y s t a l l ­
i z a t io n  has removed the e f f e c t s  o f  any e a r l y  de formation . However, w ith in  
the mica r ic h  domains o f  the sem i-p e l i te s ,  the micas and g rap h ite ,  w ith in  
the C orr ieya irack  Succession, have r e s t r i c t e d  g ra in  growth and r e c r y s t a l ­
l i z a t i o n  so tha t  e a r ly  D1 or D2 deformation i s  recogn isab le  as a f i n e ­
grained quartz f a b r i c  ( V o l l ,  1960).
P la g io c la s e  occurs in  abundance throughout the s e m i-p e l i te s  making 
up as much as 407. o f  the rock (Tab le  3 .2 ) .  Within the G lenshirra 
Succession and the  Coire nan Laogh S e m i-p e l i t e ,  i t  v a r ie s  in  composition 
from An20 to  An^Q (o l i g o c la s e  t o  andesine ) and i s  g e n e ra l ly  w e l l  twinned 
with s l ig h t  s e r i c i t i c  a l t e r a t i o n .
Within the Glenshirra Succession the p la g io c la s e s  are a n t ip e r t h i t i c  
with patchy e x so lu t io n  o f  a l k a l i  fe ld s p a r .  Myrmekitic in tergrowths 
between p la g io c la s e  and o r th oc la se  a lso  occur. W ith in the C orr ieya irack  
Succession p la g io c la s e  compositions range from An1Q to  An3fi (M ichel-Levy  
method). Twinning i s  much le s s  common and s e r i c i t i c  a l t e r a t i o n  more 
extensive  than w ith in  the G lensh irra  Succession. A n t ip e r t h i t i c  p la g io c la se  
and myrmekitic in tergrow ths are absent.
Small ’ d ro p - l ik e *  in c lu s ion s  o f  quartz  occur w ith in  p la g io c la se  
from both successions (P la t e  3 . 5 ) .  The p la g io c la s e  a lso  has twin 
boundaries w ith  b l o t i t e  (P la t e  3 . 6 )  o f ten  w ith  a concave b i o t i t e  ’ pushed 
a s id e ’ by the advancing le s s  c a l c i c  p la g io c la s e  tw in  boundary. These 
fea tu res , to g e th e r  with the a n t ip e r th i t e s  have been a t t r ib u te d  to  the 
processes o f  g r a in  boundary m igra t ion  and im purity  segrega t ion  (B yer ly  
and Vogel, 1973) and are c h a r a c t e r is t i c  o f  annealed p la g io c la s e  from rocks 
o f  greensch ist t o  middle am phibo lite  fa c ie s  metamorphic grade. Impurity 
ions d i f fu s e  towards high energy areas o f  the p la g io c la s e ,  p a r t i c u la r ly  
ex ternal boundaries but a lso  in te rn a l  sub-boundaries such as twin planes
P la te  3.5
P late  3.6
' Drop-like* in c lus ions  o f  quartz in  p la g io c la s e .  
A l l t  Luaidhe Semi-psammite (crossed n i ç o i s ) .
Twin boundary o f  p la g io c la se  w ith  b i o t i t e .  
A l l t  Luaidhe Semi-psammite (crossed n i ç o i s ) .
Scale bar represents 0.1mm
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or l a t t i c e  d e fe c t s .  High grades o f  metamorphism increase d i f fu s i o n  ra tes  
and the e f f e c t s  o f  impurity  segregat ion  are th ere fo re  more pronounced.
Myrmekitic in tergrowths occur at p la g io c la s e ,  o r thoc lase  boundaries 
only at or above middle amphibolite fa c ie s  (B yer ly  and Voge l,  o p . c i t . )  
although th e i r  o r ig in  has been the subject o f  much debate ( P h i l l i p s , 1974, 
1980, S h e l l e y ,1964). An exso lu t ion  o r ig in  fo r  myrmekites i s  advocated by 
Hubbard (1966) and Ashworth (1972, 1973), and She lley  (1964) suggests that 
th is  ex so lu t io n  may be induced by deformation.
K -fe ldspar  usua lly  p e r t h i t i c  with v e ry  f in e  p a r a l l e l  p e r t h i t i c  
s t r in g e r s ,  occurs on ly  w ith in  the G lenshirra Succession, w i th in  the quartz 
and fe ld spa r  r i c h  domains o f  the semi—p e l i t e s . As discussed e a r l i e r ,  i t  
forms myrmekitic boundaries with p la g io c la s e .  Ind iv idual g ra in s  are 
equidimensional and o f  s im ila r  g ra in  s iz e  to  the quartz and p la g io c la s e .
Garnet. Apart from a s in g le  occurrence w ith in  the s e m i - p e l i t i c  
bands o f  the A l l t  Luaidhe Semi-psammite, garnet is  r e s t r i c t e d  t o  semi- 
p e l i t e s  from the Corr ieya irack  Succession, where i t  takes s e v e ra l  forms 
and in  many cases shows evidence o f  severa l stages o f  growth. Small 
rounded gra ins w ith  a few in c lus ions  o f  magnetite are enveloped by the S^  
b i o t i t e  f o l i a t i o n  and are probably syn-Dl. These grains are o f t e n  
elongate p a r a l l e l  to  S2 suggesting that they were deformed during D2. 
Evidence that garnet growth a lso  occurred during the development o f  S2 is  
provided by s p i r a l  t r a i l s  o f  small e longate quartz inc lus ions in  garnet 
enveloped by S2 (P la te  3 .7 ) .  Some grains a lso  have xen ob las t ic  o v e r ­
growths in d ic a t iv e  o f  two stages o f  growth (P la t e  3 .8 ) .
The garnet g en e ra l ly  shows some a l t e ra t io n  to  c h lo r i t e  and o f ten  
occurs as xenob las t ic  r e l i c t  fragments, in  a ssoc ia t ion  with randomly 
o r ien ta ted  muscovite, qu a rtz ,  opaque, c h lo r i t e  and b i o t i t e ,  w ith  an
P la te  3.7
Plate 3.8
H e l i c i t i c  garnet showing syn-Dl growth ly in g  w ith in  S2 
f o l i a t i o n  (crossed n i c o l s ) .
Garnet showing evidence f o r  two stages o f  growth l y in g  
w ith in  S2 f o l i a t i o n .  (p lane  po la r ised  l i g h t )
Sca le  bar represents 0.1mm
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envelope o f  s tron g ly  o r ien ta ted  b i o t i t e  and c h lo r i t e  la th s .
^ an ite  occurs in  three o f  the sem i-p e l i te s  examined, two from the
p e l i t i c  units  o f  the Creag Mhor Psammite(NN 481956) (P la te  3 .9 )  and one
from the Monadhliath S em i-p e l i te  (NN 41259605). In each case i t  occurs
as corroded la th s ,  s l i g h t l y  c ross -cu t t in g  the dominant S./S b i o t i t e  fa b r ic
I o
and shows a l t e ra t io n  to s e r i c i t e  or muscovite.
F i b r o l i t e  i s  present in  the same two s em i-p e l i te s  from the Creag 
Mhor Psammite, 200m from the contact w ith  the Corr ieya irack G ran od io r ite .
I t  occurs as f in e  randomly o r ien ta ted  needles nucleating on b i o t i t e  and 
a lso  in  c lo se  a sso c ia t ion  w ith muscovite (P la t e  3 .10 ).
Andalus ite  i s  present in  one sample from the Monadhliath Semi- 
p e l i t e ,  c o l le c t e d  from w ith in  1000m o f  the contact w ith the Corr ieya irack  
G ranod ior ite . As w ith  the f i b r o l i t e  i t  i s  a product o f  contact metamor­
phism as a re su lt  o f  the in tru s ion .  The andalusite occurs as la rge  
porphyroblasts up t o  3mm in  s iz e  o f  the c h ia s t o l i t e  v a r i e t y  growing across 
the dominant f o l i a t i o n  and crenu la t ions  (P la t e  3 .11 ).
Z ircon  i s  abundant w ith in  the Corr ieya irack  Succession but i s  less  
common w ith in  the G lensh irra  Succession. I t  occurs as v e ry  small rounded
gra ins p o i k i o l i t i c a l l y  enclosed by b i o t i t e ,  which has developed p leoch ro ic  
h a loes .
Apatite,epidote and sphene occur as small rounded grains within 
both the Corrieyairack and Glenshirra Successions, apatite being partic­
ularly common.
Small grains and laths of tourmaline also occur within the Coire nan 
Laogh Semi-pelite and Monadhliath Semi-pelite. Graphite is present within
P la te  3.9 « Laths o f  k ya n ite ,  s l i g h t l y  ob lique to  b i o t i t e  d e f in in g  the 
dominant S1/Sq f o l i a t i o n  from se m i-p e l i t e  w ith in  Creag Mh6r  
Psammite (NN 481956) (crossed n i c o l s )
Plate 3.10 : F ib r o l i t e  growing across S1/Sq b i o t i t e  f a b r i c ,  from
sem i-p e l i t e  w ith in  Creag Mhor Psammite ad jacent t o  the 
C orr ieya irack  Granodiorite  (NN 481956) (c rossed  n i c o l s )
Scale bar represen ts  0.1mm

Plate 3.11 i Andalusite porphyroblasts, from  p e l i t e  band from the 
Monadhliath Sem i-pelite  ad jacen t to  the Corr ieya irack  
Granodiorite (NH 41259605) (c rossed  n ic o l s )
Plate 3.12 t Garnet from Coire nan Laogh M igm atit ic  S em i-p e l i te  showing 
evidence fo r  two stages o f  growth . (plane p o la r ised  l i g h t )
Scale bar represents 0.1mm
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the s e m i-p e l l t e s  o f  the C orr ieya irack  Succession as f in e  disseminated 
gra ins , d is t r ib u ted  along mica g ra in  boundaries and p a r t i c u la r ly  conc­
entrated along S2 crenulation  c leavage  planes. Magnetite a ls o  occurs 
sp orad ica l ly .  The Glenshirra Succession contains in  contrast i r r e g u la r  
aggregates o f  haematite showing the c h a ra c te r is t ic  red  c leavage f la k e s .
a * Migmatitic S e m i-p e l i t e .
The basal 150 metres o f  the Coire nan Laogh Sem i-pe lite  on Gairbeinn 
d isp lays  a coarser  grained and more h igh ly  segregated fa b r ic  than the 
s e m i-p e l i t ic  bands from the other form ations (P la te  2 .2 ) .  This i s  thought 
to  be a r e s u lt  o f  a v a r ia t io n  in  th e  lo c a l  metamorphic cond it ions adjacent 
to  the Gairbeinn S lide  (Chapters 4 and 7 ).
The m igm atit ic  sem i-p e l i te s  have e s s e n t ia l l y  the same mineralogy 
as the other s e m i-p e l i t i c  u n its ,  con ta in ing  muscovite, b i o t i t e ,  quartz , 
p la g io c la se  and garnet w ith  a p a t i t e ,  tourmaline, c h lo r i t e ,  z irc o n  and 
magnetite accessory  minerals (see Table  3 .3 ) .
B io t i t e  occurs as in te r lo c k in g  e longate la th s ,  up to  3mm long, 
with a weak p re fe r red  o r ie n ta t io n ,  and together  with muscovite and garnet 
encloses l e n t i c u la r  areas o f  quartz and p la g io c la s e .  As with the remain­
der o f  the Corr ieya irack  Succession, the b i o t i t e  i s  p leoch ro ic  from red - 
brown to  pale brown and contains sca tte red  inc lus ions  o f  a p a t i t e  and 
z ircon , the l a t t e r  surrounded by p le och ro ic  haloes. A few sm aller la ths 
occur w ith in  the quartz  and p la g io c la s e  r ic h  zones, o f t e n  o r ien ta ted  at 
high angles to  the dominant f o l i a t i o n .
Muscovite occurs in  c lose  a s so c ia t io n  w ith b i o t i t e  as e longate  
laths up t o  3mm long  and g e n e ra l ly  conta in  no in c lu s ions .
40
TABLE 3.3: MODAL ANALYSES OF 'MIGMATITIC1 SEMI-PELITES AND 
QUARTZITES
Sample no. 107 244 281 39 311 101A
Quartz 28 23 32 84 92 74
P lagioc lase 32 39 17 11 1 16
B ioti te 27 19 28 - 2 .2
Muscovi te 13 16 21 4 3 9
K-Feldspar - - - 1 2
Garnet 1 2 .7 _ t r
Opaque 1 1 1 _ .2 1
Chlorite tr .3 - — t r t r
Tourmaline tr tr .2 _
Apati te .6 .7 .7 - t r
Zi rcon tr tr tr - - -
Total 102. 5 101.0 100.6 100 100.2 100.2
107: Coire nan Laogh Semi -pel ite •
244: Coire nan Laogh Semi -pel ite - 'M igm atitic ' Semi
281: Coire nan Laogh Semi-p e lite  -
39: Monadhliath Semi-pe lite  




Garnet in  present as rounded gra ins w ith ve ry  few in c lu s ion s ,  
surrounded by an envelope o f  b i o t i t e ,  muscovite and opaques, and o f ten  
shows some a l t e r a t i o n  to  c h lo r i t e .
Textura l ev idence f o r  more than one episode o f  garnet growth 
(P la te  3 .12 ) i s  betrayed by the ex is ten ce  o f  rounded cores con ta in ing  v e ry  
few in c lu s ion s ,  in d ic a t iv e  o f  f a i r l y  rap id  growth, surrounded by a sub- 
hedral rim w ith  abundant in c lu s io n s ,  which in  most cases has been p a r t i a l l y  
replaced by b i o t i t e ,  c h lo r i t e  and opaques.
Some b i o t i t e  la th s  are truncated by garnet porphyroblasts and th is ,  
together w ith  envelop ing mica, suggests that the garnet growth took  place 
both p r io r  t o  and during the form ation  o f  the dominant mica f a b r i c .
Swartz shows a wide v a r ia t io n  in  g ra in  s i z e ,  between the mica r i c h  
zones and the le u c o c ra t ic  quartz and fe ld spa r  lenses . In the l a t t e r ,  
quartz gra ins are rough ly  equ id im ens iona l, up to  2mm in  diameter and o f ten  
show strong undulose e x t in c t io n  and deformation bands (P la t e  3 .1 3 )  with 
ir regu la r  g ra in  boundaries in d ic a t in g  the absence o f  strong p o s t - te c to n ic  
annealing. Those quartz g ra ins  w ith in  the mica r ic h  zones occur by con tras t ,  
as elongate g ra ins  w ith  strong undulose e x t in c t io n  but a lso  as g ra in s  made 
up o f  numerous subgrains, lack ing  undulose ex t in c t io n ,su gges t in g  some post-  
tec ton ic  r e - e q u i l ib r a t i o n .
ldspar. Andesme (An30_ 3g )  occurs as la rg e  rounded t o  i r r e g u la r  
grains Up to  2™  In  diameter w ith in  the l .u c o c ra t t c  lenses o f  the seml- 
p e l l t e . „ „ s t  g r a in ,  show c le a r  m u lt ip le  C .r lsb ad / A lb lt .  tw inning and ve ry  
U t t l e  s e r l c i t l c  a l t e r a t i o n ,  although some gra ins are untvlnned, o r  show 
ir regu la r  d i f fu s e  twins w ith  patchy re v e rs e  zoning. Small rounded 
inclusions quartz  are common and contacts  w ith b i o t i t e  o f ten  show tw in- 
i l k .  laminae o f  lower r e l i e f .  1. . .  c a l c i c  p l . g l o c l . s e  and d is t o r t i o n  o f
Plate 3.13 « Deformation bands in  quartz g ra in  from Coire nan Laogh 
Migmatitic S em i-p e l i te .  (c rossed  n i c o l s )
Scale bar represen ts  0.1mm
Plate 3.14 , Quartz and fe ld s p a r ,  and mica r i c h  domains in  Coire nan Laogh 
Migmatitic S em i-p e l i te .  (c ros sed  n ic o l s )




the b i o t i t e  (P la t e  3 . 6 ) .  I t  has been suggested (Mehnert, 1968) that the 
d rop - l ik e  in c lus ions  o f  quartz are primary quartz r e l i c s  and evidence fo r  
fe ld s p a th iza t io n  or p la g io c la s e  b l a s t i s i s .  However, although considering 
the patchy nature o f  the p la g io c la se  and a l b i t i c  contacts w ith  b i o t i t e ,  
these may e q u a l ly  be a r e su lt  o f  im purity  segregation  and g ra in  boundary 
m igration assoc ia ted  w ith  amphibolite f a c i e s  metamorphism as discussed in 
Section 2a (B y e r ly  and Vogel, 1973).
Accessory  M in era ls » A p a t i t e _ is  abundant w ith in  the m igmatitic  
sem i-pe l i tes  and occurs as la ths and rounded g ra ins  up to  1mm in s i z e .
Many o f  the g ra in s  are fractured  and strung out a long the b i o t i t e  f o l i ­
ation poss ib ly  in d ic a t i v e  o f  a phase o f  intense deformation a f f e c t in g  
d e t r i t a l  a p a t i t e  g ra in s ,  p r io r  to  form ation  o f  the present f o l i a t i o n .
— rmaline iS P re f ent as ^ t i e r e d  rounded gra ins as inc lus ions 
within garnet o r  w ith in  the quartz and fe ld s p a r  lenses .
Opaques occur in c lo se  a sso c ia t ion  w ith  the mica r ic h  la y e rs .  The 
laths have red trans lucen t edges in d ic a t i v e  o f  haematite but th is  may be 
a product o f  l o c a l  ox id a t ion  o f  m agnetite . e i th e r  assoc ia ted  w ith the 
Gairbeinn S lide  o r  due t o  weathering.
The m igm atit ic  tex tu re  o f  the base o f  the Coire nan Laogh Semi- 
p e l i te  i s  de fined  by trondh jem it ic  (Hatch, Wells & W ells, 1972), quartz 
and andesine, leucosomes surrounded by b i o t i t e ,  muscovite, opaque and 
garnet bearing melanosomes. The micas form polygonal aggregates  around 
the convex lenses o f  the leucosome (P la t e  3 .14 ) in d ica t in g  that mica 
c r y s t a l l i z a t io n  took p lace  a f t e r  or contemporaneous w ith the growth o f  
the leucosome. The dominant trend o f  the leucosome and the b i o t i t e  fa b r ic  
is  p a r a l l e l  to  the r e g io n a l  f o l i a t i o n .  Mehnert ( 1968)  suggests that
the main phase o f  migmatite formation normally  takes place during deform-
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a t ion ,  when high mechanical m o b i l i t y  p r e v a i l s ,  although the f in a l  stages 
o f  r e c r y s t a l l i z a t i o n  w i l l  be p o s t - te c to n ic .  The deformation bands w ith in  
the quartz o f  the leucosome are th e re fo r e  thought to  be due to  the e f f e c t s  
o f  la te r  episodes o f  deformation and th is  model i s  supported by the develop­
ment o f  a c ross -c ren u la t ion  o f  the dominant f o l i a t i o n  assoc ia ted  w ith  D2 .
Yard ley (1978) in his d iscuss ion  o f  the o r i g in  o f  migmatites suggests 
that the trondhj e m it ic  nature o f  the leucosome w ith  l i t t l e  or no K-fe ldspar 
ind ica tes  an o r ig in  e i th e r  by ex te rn a l iretasomatism, w ith  the add it ion  o f  
materia l from ou ts ide  the system, or by in te rn a l metasomatism or meta- 
morphic segregation  without anatex is . He b e l ie v e s  that much o f  the migmat- 
i z a t io n  accompanying reg ion a l de formation i s  the r e s u l t  o f  metamorphic 
segregation  (Robin, 1979) w ith  the m igm atit ic  rock or neosome having 
approximately the same composition as the paleosome or una ffec ted  rock. 
Segregation i s  th e r e fo r e  e s s e n t ia l l y  a hydrothermal process p oss ib ly  i n i t ­
ia ted  by hydraulic f r a c tu r in g  and d e v o la t i z a t io n  re a c t io n s .
In th is  case i t  i s  considered tha t  the Gairbeinn S l id e  and the 
deformation assoc ia ted  with i t ,  created  a zone along which the transport 
o f  the pore f lu id s  necessary f o r  the seg rega t ion  process , i s  f a c i l i t a t e d .
This may be a r e s u l t  o f  e a r ly  c a ta c la s is  as proposed by Tanner (1965) fo r  
the Rubha Ruadh se m i-p e l i t e  assoc ia ted  w ith  the Sgurr Beag S lide  as w e l l  
as or rather than the development o f  a pressure -  temperature anomaly, as 
suggested by Ashworth (1976).
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3. QUARTZITES
The term q u a r tz i t e  (sensu l a t o )  was used in the f i e l d  t o  describe 
massive w h ite ,  cream or pink coloured h igh ly  s i l ic e o u s  rocks in  which 
l i t t l e  or no mica can be seen, and which are r e a d i ly  d is t in gu ish a b le  from 
psammites, although they conta in  up to  20% fe ldspa r  (see Table 3 .1 ) .
These bands occur w ith in  and immediately below the Monadhliath Sem i-pe l i te  
and a lso  th in  im pers istent bands w ith in  the Coire nan Laogh S e m i-p e l i t e  
(see Chapter 2 ) .  They cons is t  o f  quartz ,  p la g io c la se  and muscovite with 
minor proportions o f  m ic ro c l in e ,  c a l c i t e ,  b i o t i t e ,  c h lo r i t e ,  a p a t i t e ,
sphene, opaques and garnet. Representative modal analyses are shown in 
Table 3 .3 .
Quartz, occurs as equidimensional to  e longate gra ins up t o  2mm in 
length, and most g ra in s  have strong undulose e x t in c t io n  and in t e r n a l  
deformation bands. In q u a r tz i t e s  near the base o f  the Monadhliath Semi- 
P e l i t e  (GR.NH 40850080) the quartz  fa b r ic  shows evidence o f  in ten s e  deform­
ation . Sutured g ra in  boundaries, a wide v a r ia t io n  in gra in  s i z e ,  includ ing 
some extrem ely  e longa te  g ra in s ,  and the lo c a l  formation o f  the subgrains,
ind ica te a high s t r a in  environment and l i t t l e  o f  post t e c to n ic  annea ling .
( Fig. 3.15)
Elsewhere the quarts fabric Is less deformed and the equldlmenslon.l 
to slightly elongate grains have curved boundaries, although grains rarely
meet "  'rlPl* POl"ts *nd *tl11 sh°“ strong undulose extinction Indicative 
of non-equilibrium textures.
- ld3p*~ Elagloclase varies In composition from alblte Ana to 
andeslne A„3(. and consists of elongate grains up to 0.5mm In length. The 
more calcic grains are usually well twinned with slight deformation of the 
twin lamellae. A few grains of mlcrocllne. .i.0 occur, distinguished by the 
characteristic alblte-perlcllne cross-hatch twinning.
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Mu s c o v i t e. i s  the dominant mica presen t, occurring both as small 
laths along the gra in  boundaries o f  quartz  and as la rg e  la th s  c ross -cu tt in g
the f o l i a t i o n .  These are c lo se r  to  equidimensional and conta in  inc lus ions 
o f  quartz o f  ground mass s iz e .
B io t i t e ,  g en e ra l ly  p a r t ly  a l t e r e d  to  c h lo r i t e  occurs sp o rad ica l ly  
as small la th s ,  w e l l -o r ien ta te d  p a r a l l e l  to  the dominant Sj f o l i a t i o n  and 
d isp lay ing red-brown to  pale ye l low  pleochroism.
A£££££2£y j i in £ ra ls . .  Sphene, e p id o t e ,  a p a t i te  and haematite occur 
as accessory minerals and are o f ten  concentrated in narrow bands in  c lose 
assoc ia tion  w ith  muscovite, probably rep resen t in g  heavy mineral bands o f  
sedimentary o r ig in  (P la t e  3 .16 ).  Sphene occurs as i r r e g u la r  aggregates 
whilst a p a t i t e  and ep idote  both occur as small rounded g ra in s .  Xenob lastic  
fragments o f  garnet were found in  one sample. F in e ly  disseminated haem­
a t i t e  occurs as inc lus ions w ith in  p la g io c la s e  and a lso  at quartz g ra in  
boundaries producing the pale pink co lour  o f  some o f  the q u a r tz i t e  bands.
Within q u a r tz i te s  o f  the T a r f f  Gorge a q u a r tz - fe ld sp a r  de fined  planar 
fab r ic  was recogn ised  in  hand specimen and i s  deformed by crenu la t ions  
ax ia l planar t o  minor F2 f o ld s .  In th in -s e c t io n  the quartz fa b r ic  
approaches an equ ilib r ium  texture  with curved boundaries and t r i p l e  points 
suggesting tha t  r e c r y s t a l l i z a t i o n  and annea ling o f  the Sj f a b r ic  has
occurred, p o ss ib ly  as a r e s u l t  o f  metamorphism associa ted  w ith  the second 
episode o f  deformation.
Elsewhere, particularly on Pollgormack H i l l  (NN 38909830) and in
A U t  C° lrS " *  C5lt*  (NH ‘ <»50080) the q u . r t a l t e s  r e ta in  t h e i r  h igh ly  
strained non-equilibrium  texture  and in t h i s  ease the fa b r ic  1 .  thought 
to  have been es tab l ish ed  during the second episode o f  de form ation , w h ile  
subsequent metamorphism d id not produce ex ten s iv e  „ c r y s t a l l i s a t i o n .
Plate 3.15 , S tron g ly  deformed e longate  quartz g ra ins  in  q u a r tz i te  
from Monadhliath S e m i-p e l i t e .  (crossed  n i c o l s )
” *“  3,16 ' HeaVy ”1" " al <=<»!»—  o f  opaques, spheue. e p i á o t %
and mica, in quartzite band from Monadhliath Semi-pelite. 
(plane polarised light)
Scale bar rep resen ts  0.1mm
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These h igh -s tra in  fa b r ic s  are thought t o  be a r e s u l t  o f  a ttenuation  on 
the steep limbs o f  t igh t  asymmetric F2 fo ld s  (Chapter 7 ) .
I
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4. PSAMMITES AND SEMI-PSAMMITES
Psanmdtes and semi-psammites are the dominant rock type w ith in  the 
metasediments o f  the C o rr ieya ira ck  area. As w e l l  as making up the bulk o f  
the semi-peammite and psammite fo rm ations, they a ls o  occur as th in  r ib s
within the Monadhliath S em i-p e l i te  and w ith in  the Coire nan Laogh Semi- 
p e l i t e .
They have e s s e n t ia l l y  the same mineralogy as the s e m i-p e l i t e s  d i f ­
fe r ing  o n ly  in  the p roportion  o f  mica to  quartz and fe ld s p a r .  B io t i t e ,  
muscovite, quartz and p la g io c la s e  are e s s e n t ia l  const itu en ts  w ith  minor 
va r iab le  p roport ions  o f  ga rn e t ,  c a l c i t e ,  a l k a l i  fe ld s p a r ,  c h l o r i t e ,  opaque, 
a p a t i t e ,  ep ido te  tourmaline, z i r c o n  and kyan ite .  The r e s u l t s  o f  modal 
analys is a re  g iven  in  Tables 3 .4  & 3 . 5 .
Hocks from the G lenshirra  Succession can again be d is t in gu ish ed  from 
those o f  the C orr ieya irack  Succession by the o l i v e  green / dark green 
colour o f  the b i o t i t e ,  the absence o f  garnet and the presence o f  a lk a l i  
fe ldspar and assoc ia ted  m yrm ek it i t ic  in tergrowths.
Th. b i o t i t e s  1„  the G le n s h i r r ,  s em l-p » , .m ite s .  ln common w ith  those 
f r o »  s e m i-p e l i t e s  w ith  the G le n s h i r r ,  Succ.ss ioh . show evidence o f  two 
episodes o f  growth, w ith  the development o f  numerous minute la th s  in  
op tica l c o n t in u it y  (P la t e  3 . 1 )  w ith  the n o „ -p „ iki i o h l a s t i c  e a r l y  growth. 
Asain in  common w ith  the s e . i - p . U t e s ,  these tex tures  are heat developed 
in the m ic. r i c h  band, p a r t i c u la r l y  thos. conta in ing  r e l i c t  k y a n it e .
P la te  3.17 shows the r e la t i o n s h ip  between b i o t i t .  growth and th .  
development o f  the S, and S, f o l i a t i o n s .  A co a rs .d -g r . in e d  s e m i - p o l i t i c  
land w ithrn t h .  s.ml-psammite, r ep resen t in g  S(), the o r i g in a l  bedding, i s  
folded by an i s o c l i n a l  f o ld .  B i o t i t .  growth has occurred during m
TABLE 3.4: MODAL ANALYSES OF PSAMMITFS
Sample no. 71 7870B 247 7868
Quartz 60 49 52 54 74
Plagioc lase 30 34 16 22 11
K-Feldspar 4 18 19
Bioti te 3 17 _ 3 3
Muscovi te tr 12 .6 8
Cal ci te “ - 3
Epidote “ t r
Sphene tr  tr _
Opaque .7 .3 .8 .3
Chlori te 2 - .9 2
Apati te tr t r -
Total 99.7 100.3 98.8 99.7 101
71: Creag Mhor Psammite 
7870B: Creag Mhor Psammite 
247: A111 Luaidhe Semi-psammite 
7868: Creag Mhor Psammite
Glenshirra Succession
9: Knockchoilum Semi-psammite. -  Corrieyairack Success! on
TABLE 3.5: MODAL ANALYSES OF SEMI-PSAMMITES.









Plagioclase 38 32 29 53 25 32 30 27 40 42
K-Feldspar 14 22 8 3 _
Bi oti te 6 15 27 28 13 12 11 22 16 18Muscovi te 4 3 12 tr 13 2 4 9 15 8
Garnet - - - .3 - _ .6 .5Calcite - - - - 2 20 6 4 1
Epidote 5 .2 .1 .5 .6 _











.2 .2 1 .2 tr
Apati te - .4 1 .4 t r t r .2 .4 tr t rTourmali ne _
~ “ tr trZi rcon 
Tota 1 QQ
“ tr tr .3 - - t r -
113: Gairbeinn Pebbly Semi-psammite 
106B: Gairbeinn Pebbly Semi-psammite 
116: A l l t  Luaidhe Semi-psammite 
78: A l l t  Luaidhe Semi-psammite (Hornfels)
Glenshirra Succession
57: Monadhliath Sem i-pelite  
302: Carn Leac Semi-psammite 
150: Carn Leac Semi-psammite 
89: Knockchoilum Semi-psammite 
86: Monadhliath Sem i-pelite  
100. Knockchoilum Semi-psammite
- Corrieyairack Successi­on
(bedd ing ) w ithFj i s o c l in a l  F o i l  o f  So ( i )  i  s o «  « 1 .1  pi a„ . r  
growth o f  b l o t i t e .  S2 b i o t i t o  fa b r ic  developed a t o b l i g e  
angle to  S J S 1 f o l i a t i o n .  Psammite from T a r f f  Gorge, 
(p lane p o la r is ed  l i g h t )
Scale bar represen ts  0.1mm
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and the la th s  are o r ien ta te d  p a r a l l e l  t o  the a x ia l  plane o f  the minor fo ld  
c ro s s -cu t t in g  Sq on ly  in  the hinge zone o f  the f o ld .  D2 has r e s u l t e d  in 
the development o f  a weak cren u la t ion  r e f l e c t e d  in  the o r ie n ta t io n  o f  
b io t i t e  la th s  at high angles to  the f o l i a t i o n .
Many o f  the semi-psammites and psammites w ith in  the C o rr ieya ira ck  
Succession contain su bs tan t ia l  amounts o f  c a l c i t e .  Usually  these c a l c i t e  
bearing rocks occur as d is c r e t e  pods or  bands having sharp con tac ts  w ith  
the n on -ca lc i te  bearing semi—psammites. In these cases c a l c i t e  comprises 
nearly  504 o f  the rock and i s  apparen tly  an o r ig in a l  constituen t o f  the 
rock. These pods and bands are discussed together  w ith  the c a l c - s i l i c a t e  
bearing pods and lenses in  Chapters 5 & 6 . However, the ex ten s ive  c a l c i t e  
ve in ing  and ir r e g u la r  gra ins o f  c a l c i t e  present in some semi-psammites, 
p a r t ic u la r ly  those near the S r o n la i r ig  Fau lt ,  and in  the T a r f f  Gorge, i s  
thought to  be o f  secondary o r i g in .  In  these rocks the p la g io c la s e  shows 
ex tensive  a l t e r a t io n  t o  s e r i c i t e  and b i o t i t e  and garnet are p a r t i a l l y  
rep laced by c h lo r i t e  and c a l c i t e .
On the SE limb o f  the C orr ieya irack  Syncline the Sx f o l i a t i o n  i s  
o f ten  poor ly  de fined and the semi-psammites and psammites have a grano- 
b l a s t i c , equ igranular gab r ic  g e n e ra l ly  f in e r  than that o f  the f o l i a t e d  
semi-psammites or s e m i-p e l i t e s , and on ly  a weak pre ferred  o r ie n ta t io n  o f  
the b i o t i t e s ,  which occur here as f a i r l y  w e l l  developed almost e q u i -  
dimensional n o n -p o ik i lo b la s t ic  la th s .  The quartz gra ins have on ly  a weak 
undulose e x t in c t io n  and g ra in  boundaries are curved to  s t r a ig h t ,  meeting 
at t r i p l e  p o in ts .  Th is equ il ib r iu m  tex tu re  i s  present in  most o f  the 
semi-psammites on the NW limb o f  the C orr ieya irack  Syncline on Carn a 
Chuilinn (NH 41400346). However, w ith in  the semi-psammite and psammitic 
r ib s  o f  the Monadhliath S em i-p e l i te  on the NW limb o f  the syn c l in e ,  the 
quartz g ra ins  are e longate  and d is p la y  strong undulose e x t in c t io n  and 
sutured g ra in  boundaries, w h ile  the micas show a strong p re fe r red  o r i e n —
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ta t ion .  Th is tex tu re  is  consis tent w ith the in c rease  in the in t e n s i t y  o f  
D2 towards the northwest, described in  Chapter 7, a lso  seen in the 
qu a r tz ite s  and s em i-p e l i te  l i t h o l o g i e s  o f  th is  area .
a. Gairbeinn Pebbly Semi-psammite.
The Gairbeinn Semi-psammites have e s s e n t i a l l y  the same m ineralogy 
as the o th er  metasediments, but the numerous c l a s t i c  fragments, and the 
e f f e c t s  o f  intense deformation serve to  d is t in gu ish  the formation from 
the res t  o f  the semi-psammites from e i th e r  succession .
The c l a s t i c  f r agments or pebbles are predominantly composed o f  
quartz a gg rega tes ,  p o ss ib ly  representing  o r i g in a l  quartz pebbles, in  
which the quartz  g ra in s  reach 1mm in  diameter and have strong undulose 
ex t in c t ion  and sutured boundaries (P la te  3 .1 8 ) .  Aggregates o f  f in e  grained 
quartz and p la g io c la s e  a lso  occur w ith  small muscovite la ths  along g ra in  
boundaries and a lso  coarser aggregates o f  m ic roc l in e  (P la t e  3 .19 ) and 
quartz and p la g io c la s e .  The p la g io c la se  conta in  small d rop - l ik e  quartz  
inc lus ions. The pebbles are d i f f i c u l t  to  d is t in gu is h  from the quartz  r ich  
domains o f  the semi-psammite matrix p a r t i c u la r ly  where they are h ig h ly  
deformed a t  the top  o f  the form ation ; however the  ubiquitous mica envelope 
surrounding l e n t ic u la r  areas w ith  a gra in  s iz e  and fa b r ic  con tras t in g  with 
the matrix suggests the presence o f  l i t h i c  c l a s t i c  fragments.
The m atr ix  o f  the formation consis ts  o f  a l te rn a t io n s  o f  mica r ic h  
layers and quartz r i c h  la y e rs .  These are considered  to  be the o r i g in a l  
l i t h o l o g i c a l  v a r ia t io n  as at the le s s  deformed base o f  the fo rm ation , th in 
graded u n its  can be recogn ised  (Chapters 2 & 5 ) .  These have a gradual 
upward increase in  mica content fo llowed  by a sharp break, o v e r la in  by a 
more quartz r ic h  la y e r .  Scattered c la s t i c  fragments occur w ith in  both the
Plate 3.18 » Aggregates o f  f in e  gra ined quartz  and fe ld sp a r  surrounded 
by th in  enve lopes o f  mica, rep resen t in g  o r i g in a l  c l a s t i c  
fragments in  Gairbeinn Pebbly Semi-psammite. (crossed n i ç o i s )
Scale bar rep resen ts  5mm
Plate 3.19 Mi c ro c l in e  a gg rega tes  rep resen t in g  o r ig in a l  c l a s t i c  fragments 
in Gairbeinn Pebbly Semi-psammite. (crossed n i c o l s )
Scale bar rep resen ts  0.1mm
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quartz r ic h  layers  and the s e m i-p e l i t i c  la ye rs  although they are le s s  
frequent in  the l a t t e r .
B io t i t e  i s  the dominant mica, and cons is ten t  w ith  the remainder o f  
the G lensh irra  Succession, i s  dark green to  o l i v e  green in co lour . I t  
a lso shows evidence o f  two stages o f  growth, w ith  n o n -p o ik i lo b la s t ic  la th s  
surrounded by minute la th s  in  o p t i c a l  c o n t in u ity .  Muscovite occurs as 
elongate la th s ,  assocated w ith  b i o t i t e  and as la rg e  c ross -cu tt in g  porphyro- 
b la s ts .  The high r e l i e f ,  pale brown co lour and low 2V suggest a high 
paragonite component. Some o f  the la ths  have strong undulose e x t in c t io n  
and conta in  kink bands thought t o  be a r e s u l t  o f  l a t e  deformation.
In  contrast to  the other metasediments, the mica r ic h  bands con ta in  
abundant gra ins o f  ep idote  up t o  0.5mm in  diameter and a lso  aggregates  and 
scattered  gra ins o f  sphene, a ssoc ia ted  w ith  abundant ir r e gu la r  gra ins o f  
i lm en ite  or magnetite. The ep ido te  occurs both as la rge  rounded g ra ins  
and as t in y  fragments strung out along the f o l i a t i o n  and i t  i s  considered  
that these minerals represent o r i g in a l  d e t r i t a l  g ra in s .
In contrast to  the remainder o f  the G lensh irra  Succession, garnet 
occurs w ith in  the the mica r i c h  la ye rs  as su b id io b la s t ic  to  x en ob la s t ic  
gra ins . The id io b la s t i c  gra ins overgrow the mica fa b r i c ,  but small 
rounded gra ins with f in e  quartz inc lus ions  occur surrounded by mica 
envelopes and some gra ins are e longate  w ith in  the plane o f  , suggest ing  
that they  were e i th e r  formed e a r l y  during or are  o f  d e t r i t a l  o r i g in .
Much o f  the garnet has been a f f e c t e d  by a l t e r a t i o n  to  b i o t i t e ,  muscovite 
and c h lo r i t e .
Quartz occurs w ith in  the mica r ic h  domains as small e longate g ra in s  
d iv ided  in to  subgrains, but w ith in  the quartz r i c h  domains the quartz 
grains reach 1mm in diameter and have strong undulose e x t in c t io n ,  deform-
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a tion  bands and ir r e g u la r  g ra in  boundaries w ith the development o f  sub­
grains at the g ra in  boundaries.
Mi c ro c l in e  i s  a common constituen t o f  the semi-psammites as
scattered  gra ins approximately 0.5mm in  diameter, as w e l l  as in  aggregates 
with quartz in  the pebbles.
P la g io c la se  v a r ie s  from An^Q to  An^g and o f t e n  has patchy e x so l­
ution o f  m icroc lin e  and quartz and myrmekitic boundaries, as described 
from the s e m i-p e l i te s  and semi-psammites from the remainder o f  the 
Glenshirra Succession.
The v a r i e t y  o f  m inerals w ith in  the Gairbeinn Semi-psammite i s  taken 
to in d ica te  the immature nature o f  the o r ig in a l  sediment and i s  discussed 
in fu r th er  d e t a i l  in  Chapter 5. The fa b r ic s  and te x tu re s  present in 
samples from near the top o f  the formation are a lso  a r e s u lt  o f  intense 
deformation assoc ia ted  w ith  the Gairbeinn S lide  (Chapter 7 ) .  This has 
resu lted  in  the e longa t ion  and f la t t e n in g  o f  the c l a s t i c  fragments, but 
the s tron g ly  sheared fa b r ic  has been annealed by subsequent metamorphism 
producing a b la s tom y lon it ic  f a b r i c .  The f in e  gra ined  quartz , re ta in ed  
p a r t ic u la r ly  where micas have r e s t r i c t e d  r e c r y s t a l l i z a t i o n  are evidence 
fo r  an e a r ly  m y lon it ic  fa b r ic  as are the strong undulose e x t in c t io n  w ith 
subgrains and sutured boundaries o f  quartz and the d isrupted  d e t r i t a l  
ep idote g ra ins .
There are th e re fo r e  s e v e ra l  d i f fe r e n c e s  in  p e t r o lo g y  between rocks 
from the two succession in  the Corr ieya irack  Pass a re a .  The Corr ieya irack  
Succession i s  ch arac ter ised  by red-brown b i o t i t e  and the presence o f  
g raph ite ,  magnetite and ga rn e t ,  w h ils t  the G lensh irra  Succession is  char­
a c te r ised  by green b i o t i t e ,  the absence o f  graph ite  and garnet but the 
presence o f  haematite and K - fe ld sp a r .  Rocks from th e  two successions can
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th ere fo re  g e n e ra l ly  be d is t in gu ish ed  in  th in  sect ion .
i
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1. INTRODUCTION
One hundred and s ix ty  s ix  samples o f  the metasediments from the 
Corr ieya irack area have been analysed by X-ray Fluorescence and wet chem­
ic a l  techniques, f o r  e leven  major and e igh t  t ra ce  elements. (D e ta i ls  o f  
a n a ly t ic a l  techn iques and sample preparation  can be found in Appendix A, 
and f u l l  l i s t  o f  ana lyses  and sample lo c a t io n s  in  Appendix B .)
Amphibolites and the other igneous rocks in the area were a lso  sampled 
but are discussed in  Chapter 8 .
The geochem istry  o f  the metasediments was studied to  in v e s t ig a te
1 . the o r ig in a l  nature  o f  the sediments and the fa c to r s  which have c o n tr ib ­
uted to  th e i r  composit ion in c lu d in g , the nature o f  the source rock , 
condit ions o f  w ea ther ing , t h e i r  d ep os it io n a l  environment and
2 . the e f f e c t s  o f  subsequent d iagenes is  and metamorphism.
I t  was hoped to  be a b le  to  ch a ra c te r ise  the two metasedimentary successions 
and ind iv idu a l fo rm ations g eoch em ica l ly , as an a id  to  th e i r  re c o gn it io n  
and c o r r e la t io n  o u ts id e  the C orr ieya ira ck  area .
The samples were s e lec ted  to  include the f u l l  range o f  rock types 
present in the two su ccess ions , but the geochem istry o f  the c a l c - s i l i c a t e  
and c a l c i t e  and c a l c i t e  bearing pods ana lenses  i s  discussed w ith  re fe ren ce  
to the metamorphic h i s t o r y  (Chapter 6 ) .  As the G lenshirra  Succession 
occupies le s s  than one quarter  o f  the t o t a l  area mapped, the sample num­
bers have a strong b ia s  in favour o f  the C orr ieya irack  Succession (89 
samples c f .  28 ). Sampling was a lso  b iased in  favour o f  s e m i-p e l i t i c  
l i t h o l o g i e s ,  as th ese  were considered to  be the most in form ative  both 
m in era lo g ica l ly  (Chapter 3 )  and geochem ica lly ,  due to  the d i lu t in g  e f f e c t  
o f  SiC>2 in psammitic l i t h o l o g i e s .  The r e s t r i c t e d  occurrence o f  semi- 
p e l l t e s  w ith in  the G len sh irra  Succession a lso  accounts fo r  the strong 
bias in sample numbers in favour o f  the C orr ieya irack  Succession and the
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Glenshirra Succession i s  represented by analyses in  the higher part o f  
the SiC>2 range. This i s  an important fa c to r  which must be taken in to  
consideration  when comparing the chemistry o f  the two successions , 
(Sect ion  3 ) .
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2. WHOLE HOCK CHEMISTRY
a . V a r ia t ion  w ith in  Rock Type and Range o f  Composition.
The metasediments were d iv id ed  in  the f i e l d  in to  f i v e  main rock 
types, subsequently de fined  by modal a n a ly s is ,  on the basis  o f  the r e l a t i v e  
proportions o f  quartz , fe ldspar  and mica (Chapter 3 ) .  Si02 i s  the major 
chemical v a r ia b le  between rock typ es ,  but due to  the s l i g h t l y  su b je c t iv e  
nature o f  the subd iv is ion  the ranges o f  S i02 fo r  each rock type show 
considerable over lap  (F ig  4 .1 , Table 4 . 1 ) .  The p a r t i c u la r ly  la rg e  over lap  
in S i02 between sem i-p e l i te s  and semi-psammites i s  a lso  due to  v a r ia t io n s  
in the p roportion  o f  fe ld spa r  in  the semi-psammites (Chapter 3 ) ,  a high 
fe ldspar content lowering the S i02 concentra tion .
Table 4.1
No. o f  SiC>2
Samples Mean Range (%)
PELITES 2 49.15 1.12 <  50
SEMI-PELITES 55 59.4 4.6 50 -  66.2
SEMI-PSAMMITES 48 67.48 4.49 54.8 -  77.1
PSAMMITES 11 77.7 3.4 VJ N) 00 1 00
QUARTZITE 1 90.6 _ >  90
With the exception  o f  Nb and Na20, a l l  the major and t ra ce  elements 
show a n ega t ive  c o r r e la t io n  w ith SiC>2 , p a r t i c u la r ly  TiC>2 , A12C>3 , FeO, MgO, 
P2°5 and ^  ( c o r r e l a t i °n c o e f f i c i e n t s  < - 0 . 7 ) ( F i g s  4 .2 -4 .5 )  K20, RbkFe203, 
Y, N i , Ba and MnO show s l i g h t  n ega t ive  c o r r e la t io n s  ( c o r r e la t io n  c o e f ­
f i c i e n t s  -0.46 to  -0 .68 ) but CaO, Sr, Z r , Nb and Na20 show poor c o r r e l ­
ations w ith a wide s c a t te r  o f  p o in ts .  These nega t ive  c o r r e la t io n s  are 








































(Sect ion  4 )  (Ska la , 1979). This problem produces the d i lu t in g  e f f e c t  o f  
quartz or SiC>2 in  the more psammitic l i t h o l o g i e s ,  th e re fo r e  in the f o l lo w ­
ing comparisons o f  both the two successions and in d iv id u a l  form ations, 
each rock type i s  considered separa te ly .
Q uartz ites  occur on ly  w ith in  and immediately below the Monadhliath 
Sem i-pelite  (Chapter 2 ) .  Because o f  th e i r  r e s t r i c t e d  m inera logy, they  
were considered to  be r e l a t i v e l y  unimformative; hence a s in g le  sample 
(101A) i s  included s o l e l y  fo r  comparative purposes.
Sample 101A (Tab le  4 .2 )  approximates in  com posit ion  to  a subarkose 
or protoarkose, w ith  h igher A^O^ than the average o r th oq u a r tz i te  , 
(P e t t i jo h n ,  1963) in d ica t in g  the presence o f  a p rop o r t ion  o f  fe ld s p a r  or 
c lay  m inera ls , in  the o r i g in a l  sediment. The low  va lues f o r  most t ra ce  
elements in  the sample, p a r t ic u la r ly  Z r , Cr and N i , point t o  the la ck  o f  
heavy m inera ls , o f ten  c h a ra c t e r is t ic  o f  w e l l  washed q u a r tz i t e s  or p ro to ­
qu a r tz ite s  (P e t t i j o h n ,  1963, Krauskopf,1967).
b. V a r ia t ion  between Successions.
The C orr ieya irack  and Glenshirra Successions (Chapter 2 ) show many 
chemical d i f f e r e n c e s  that can be recognised by comparison o f  the means 
fo r  each rock type (Tab le  4 .3 )  and by examination o f  s e le c te d  v a r ia t io n  
diagrams, on which the two successions p lo t  in  separate f i e l d s  (F ig s  4.2-7)
The Gairbeinn Pebbly Semi-psammite i s  ch em ica l ly  d is t in c t  from the 
remainder o f  the metasediments and p lo ts  s e p a ra te ly  on most v a r ia t io n  
diagrams. In view  o f  the unusual chemical and sed im en to log ica l  character  
o f  th is  formation (Chapters 2 & 4 ) ,  analyses from the Gairbeinn Pebbly 
Semi-psammite are not included in  means o f  the G len sh irra  Succession
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TABLE 4 . 2
A B C D s .d. E s.d.
SiC>2 90.65 95.4 92.91 89.21 7.11 92.39 5.20
Ti02 .06 .2 - .26 .22 .19 .16
A12°3 4.16 1.1 3.78 5.70 3.67 4.23 3.00
Fe2°3 .29 .4 tr - - - -









MnO .04 - - .01 .01 .01 .01
MgO .29 .1 tr .25 .24 .21 .33
CaO
00 1.6 .31 .60 1.27 .19 .35
Na20 1.65 .1 .34 1.16 1 .36 .50 .68
k2o .66 .2 .61 2.03 1 .45 1 .75 1.21
P2°5 .04 - - .03 .08 .01 .01
L.O.I. .69 1.4 1.19 - - - -
Total 99.16 100.7 100.05 100.01 100.00
Rb 16 52 36 49 31
Sr 97 53 44 26 19
Ba 346 493 296 515 239
Ni 14
Y 4 11 7 10 9
Cr 10
Zr 104 341 322 314 298
Nb 38 7 12 4 3
Total Fe as FeO s .d. = standard deviation
A Q u a r t z i t e  f r o m  M o n a d h l i a th  S e m i - p e l i t e  (PJH 101A)
B Mean O r t h o - q u a r t z i t e  ( P e t t i j o h n ,  1963, T a b l e  12)
C P r o t o - q u a r t z i t e  ( P e t t i j o h n ,  1963,  T a b l e  4 )
D Mean o f  43 a n a l y s e s  o f  E i l d e  Q u a r t z i t e  (H ickm an,  1972)
E Mean o f  36 a n a l y s e s  o f  Glen Coe Q u a r t z i t e  (H ickman,  1972)
ANALYSES OF QUARTZITES.
6TABLE 4.3
A B C D E F
Si02 60.46 3.72 54.47 2.95 67.91 4.15 66.85 6.30 77.93 78.80 3.77
Ti02 .87 .14 1.15 .24 .64 .14 .68 .15 .27 .33 .11
_j ro O CO 17.53 1 .89 18.97 1.10 14.05 1.84 15.31 2.54 8.72 10.63 1.66
Fe2°3 1.96 1.44 3.73 1.21 .98 .41 1.51 .57 .25 .82 .67
FeO 4.55 1 .58 5.29 2.14 3.45 .96 2.30 1.31 1.37 1.11 .47
MnO .14 .06 .17 .04 .12 .06 .09 .01 .06 .05 .03
MgO 2.46 .55 3.18 .90 1 .88 .65 1.36 .98 .56 .79 .88
CaO 2.28 .77 1 .67 1.15 2.39 1.13 1.36 .68 2.07 1.04 .34
Na20 3.14 .96 2.18 1.49 3.42 .61 3.34 1.24 3.39 2.80 .52
k2o 3.31 1.23 6.14 1.92 2.36 .96 4.71 1.44 .99 3.49 .93
P2°5 .28 .11 .28 .06 .20 .10 .17 .11 .06 .06 .03
Rb 140 36 229 97 98 34 121 45 28 95 27
Sr 322 89 281 249 343 77 331 153 252 228 38
Ba 877 309 1214 144 631 252 1202 486 335 862 129
Ni 35 9 61 25 28 7 22 11 15 28 28
Y 35 9 37 12 26 6 20 9 13 13 6
Cr 60 12 85 19 39 8 32 20 19 19 4
Zr 223 72 312 193 248 106 258 119 220 182 108
Nb 25 5 21 5 24 5 24 9 24 29 7
A Mean of Corrieyairack sem i-pelites (49 analyses)
B Mean of G lenshirra sem i-pelites (7 analyses)
C Mean of Corrieyairack semi-psammites (37 analyses) 
D Mean of G lenshirra semi-psammites (6 analyses)
E Corrieyairack psammite (Sample no. PJH 126)
F Mean of G lenshirra psammites (10 analyses)















■ Cam  Leac Sem i-psam m ite -2Co
7 Monadhlioth S em i-pe lite oi—
• K nockcho ilum  Sem i-psammite >La»
♦ Coire nan Laogh Sem i-pe lite
A T arff Gorge S em i-pe lite O
a Gairbeinn Pebbly Semi-psammite
7 A llt Luaidhe Semi-psammite
o Cam Dearg Psammite c
O Creag Mhor Psammite o





















O  N  O  OO
IO ?




'  A *•* 4^ *^ ?O V A  « •  f
IGNEOUS A »<=» *• >s





Figure 4.4« a ) S i0 2 v . MgO b )  SiC>2 v . T i0 2 a f t e r  Tarney ( 1977)
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(Table 4 . 3 ) ,  but w i l l  be discussed w ith  re fe ren ce  to  v a r ia t io n s  between 
the in d iv id u a l  form ations.
i .  S e m i-p e l i t e s .
As a lread y  shown (S ec t ion  2 a ) ,  the s e m i-p e l i t i c  l i t h o l o g i e s  contain 
the h ighest concentra tions o f  most elements and the analyses are th e re fo re  
considered t o  be more r e l i a b l e  and show the d i f fe r e n c e s  between the succes 
sions more c l e a r l y .  However, the small number o f  samples f o r  the 
Glenshirra Succession may mean that the mean and standard dev ia t io n s  
ca lcu la ted  are not com p le te ly  r e p re s e n ta t iv e ,  and th is  must be remembered 
when comparing the two successions.
The G lensh irra  s e m i-p e l i t e s  have higher concentra tions o f  FeO, Fe^O^ 
MnO, MgO, K^O, Rb, Ba, Ni and Cr than the Corr ieya irack  s e m i-p e l i t e s  and 
lower concentra tions o f  CaO, Na20 and Sr. The average SiC>2 i s  lower fo r  
the G lenshirra  s e m i-p e l i t e s  and t h is  d i f fe r e n c e  probably l a r g e l y  accounts 
fo r  the d i f f e r e n c e s  in  A1203 and t o t a l  Fe.
i i .  Semi-psammites.
The G lensh irra  semi-psammites s im i la r ly  have higher F e ^ ^ ,  K20, MgO, 
Ba and Rb, but FeO and CaO are lower than in  the C orr ieya ira ck  semi- 
psammites (Tab le  4 . 3 ) .  The d i f f e r e n c e s  in  ox id a t ion  s ta te  o f  the Fe 
between rock types may be due t o  the smaller amount o f  mica w ith  high Fe 
in the semi-psammites compared w ith  the s e m i-p e l i te s  or p o ss ib ly  a more 
o x id is in g  environment in  the o r i g in a l  sediment o f  the semi-psammites. In 
both rock types the Fe203/Fe0 r a t i o  i s  higher in  the G lensh irra  rocks than 
in those o f  the C orr ieya ira ck .
i i i .  Psammites.
Comparison o f  the s in g le  psammite ana lys is  from the Corr ieya irack  
Succession w ith  the ten  samples from the G lenshirra succession revea ls
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that the higher va lues fo r  Fe2C>3 , K20, Rb and Ba are consistent throughout 
the three rock types , and these d i f f e r e n c e s  can be c l e a r l y  demonstrated on 
p lo ts  o f  Rb, Ba and K20 aga inst Si02 ( F i g s  4 .3 -4 .5 )  The Glenshirra 
psammites a lso  have lower concentrations o f  CaO and Na20, but due t o  the 
la rge  sca tter  o f  va lues , th is  i s  le s s  c l e a r  on the v a r ia t io n  diagrams 
(F igs  4.2 and 4 .3 ) .
The d i f fe r e n c e s  between the two successions are emphasised by compar­
ison o f  the r a t i o s  between var ious e lem ents . The two successions can be 
d i f fe re n ta ted  on a p lo t  o f  K20 against A1 2C>3 , where the Glenshirra Succes­
sion has a higher value o f  K20/A1203 f o r  a l l  rock types (F ig  4 .6 b ) .  The 
Glenshirra Succession a lso  has higher va lu es  fo r  K20/Na20, MgO/CaO and 
K20/Rb (F ig  4 .7 a )  but lower va lues fo r  Ca0/Al203 and Sr/Rb (F ig  4 .7  & 4 .8 ) .
c . Discussion o f  the Varia t ions between Successions.
The geochemistry o f  the metasediments i s  determined p a r t ly  by the 
nature o f  the source rock and phys ica l cond it ions  o f  depos it ion , and 
pa r t ly  by the e f f e c t s  o f  subsequent metamorphism and metasomatism. The 
l a t t e r  chemical shanges must be assessed be fo re  the v a r ia t io n s  between the 
two successions can be r e la te d  to  d i f f e r e n c e s  in the o r ig in a l  nature o f  
the sediments.
Many workers in  the Moine and elsewhere (Shaw,1954,1956, B u t l e r , 1965, 
Haynes,1969, Stevenson,1971) consider th a t  reg ion a l metamorphism tends to 
be an isochemical process, in  rock sub jec ted  to  greensch ist  and low er 
amphibolite f a c ie s  cond it ions , unless th e re  i s  c le a r  evidence fo r  th e  
in troduction  o f  m ater ia l by metasomatism. This would be manifest by the 
development o f  a more r e s t r i c t e d  m inera logy , vary ing  according to  th e  nature 
o f  the introduced m ater ia l .  Such a d d i t io n  o f  m ater ia l would be expected
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along shear zones, where the transport o f  metasomatising f lu id s  i s  enhanced, 
and at the contact o f  major in tru s iv e  bodies (D o s ta l ,  Strong & Jamieson, 
1980).
Sample PJH78 (Tab le  4 .4 )  was obtained from the A l l t  Luaidhe Semi- 
psammite Formation, w ith in  one metre o f  the con tact  o f  the Corr ieya irack  
Granodiorite (NN 46909782). The sample has a h o rn fe ls  t e x tu r e ,  marked by 
the la te  growth o f  p la g io c la s e  porphyroblasts and, compared w ith  the 
remainder o f  the metasediments, has higher concen tra t ions  o f  ^ £ 0 ,  CaO,
Ni, Cr, Zr, Sr and T i02 and lower 1^0 (Table  4 . 4 ) .  I t s  unusual chemistry 
may be due to  l o c a l  metasomatism and contact metamorphism as a r e s u l t  o f  
the in trus ion  o f  the g ra n o d io r i t e  or p o ss ib ly  be the r e s u l t  o f  sampling 
an unrepresen tative  heavy mineral band w ith in  the  sediment.
Sample PJH47 was obta ined from the Coire nan Laogh S em i-p e l i te  
approximately 2 metres from the contact o f  the C o r r ie ya ira ck  Granod ior ite  
(NN 44209740) and a lso  has a ho rn fe ls  t e x tu re ,  a lthough not as pronounced 
as in Sample PJH78. Th is  sample has s l i g h t l y  h igh er  concen tra t ions  o f  Ba, 
Rb, K^O and MgO and lower CaO than the remainder o f  the Coire  nan Laogh 
Formation (Tab les  4.4 & 4 .7 ) .
Samples up to  100 metres from the g ra n o d io r i t e  co n ta c t ,  which i s  
apparently s te e p ly  d ipp ing  (Chapter 7 ) ,  continue to  show the e f f e c t s  o f  
thermal metamorphism, w ith  the growth o f  f i b r o l i t e  (Samples 7867 & 7869). 
These samples do not show la t e  fe ldspa r  growths and do not have anomalous 
chemistries compared w ith  the other metasediments. I t  would seem reason­
able, th e r e fo r e ,  to  assume that ex tens ive  metasomatism, as a r e s u l t  o f  the 
intrusion o f  the C orr ieya ira ck  G ranod ior ite ,  was r e s t r i c t e d  to  w ith in  two 
or three metres o f  the contact and invo lved  a d d i t io n  o f  Na2<I, Sr and CaO 
in an inner zone and K^O, Ba and Rb in an outer zone. Whether concen­
















































77 Hornfels from A l l t  Luaidhe Semi-psammite (NN 46909782) 
47 Hornfels from Coire nan Laogh Sem i-pelite (NN 44209740)
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la te  metasomatism i s  not apparent.
One exp lanation  fo r  the high 1^0 concentrations in  the G lenshirra  
Succession, i s  that the succession has been subjected to  wholesale 1^0 
metasomatism. This would be manifest by the development o f  muscovite or 
a lk a l i  fe ld s p a r  porphyrob lasts  i f  the metasomatism had taken place a f t e r  
the main de fo rm ationa l even ts . As a lready  s ta ted ,  metasomatism assoc ia ted  
with the g ra n o d io r i t e s  i s  apparen t ly  r e s t r i c t e d  to  a zone only a few 
metres w ide and there  i s  no systematic v a r ia t io n  in  K^O w ith  d is tance  from 
the in t ru s io n .  As the two successions were juxtaposed e a r ly  in  t h e i r  
s truc tu ra l and metamorphic h i s t o r i e s  (Chapter 5 ) ,  i t  seems u n l ik e ly  that 
ex tensive 1^0 metasomatism was r e s t r i c t e d  to  one succession , un less i t  
occurred p r io r  to  D1. This i s  u n l ik e ly ,  as there i s  l i t t l e  ev idence o f  
metamorphism preced ing D1 (Chapter 6 ) .
The good c o r r e la t io n  w ith in  the two successions between l^O and Si02 
(F ig  4 .3  )  and between K20, Ba and Rb (F ig s  4 .5  & 4 .7 )  can a lso  be c i t ed  
as ev idence fo r  the r e s t r i c t e d  m o b i l i t y  o f  these elements during reg ion a l  
metamorphism, unless S i02 was a ls o  mobile . The s c a t te r  on the p lo t  o f  
Rb v K20 (F i g  4 .7  )  in d ica te s  some lo c a l  m o b i l i t y ,  a lthough th is  may a lso  
be due t o  o r i g in a l  sedimentary v a r ia t io n .  Na20, CaO and Sr show a wide 
scatter  and poor c o r r e la t io n  w ith  SiC>2 (F ig s  4 .2  & 4 .3 )  and although th is  
may rep resen t  o r i g in a l  sedimentary v a r ia t io n s ,  p a r t i c u la r ly  w ith regard  to 
p la g io c la se  content, i t  may e q u a l ly  in d ica te  some m o b i l i t y  o f  these 
elements during metamorphism.
In comparing the chemistry o f  the two successions and l a t e r  the 
ind iv idua l formations (S ec t ion  2d) i t  i s  th e re fo re  important to  take in to  
cons idera t ion  the r e l a t i v e  m o b i l i t y  o f  each element, p a r t i c u la r ly  Rb, Sr, 
k2° ,  an<^  CaO. Although i t  appears that there has been no la rg e  scale
metasomatism, lo c a l  r e d is t r ib u t io n  o f  these elements may account f o r  the
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considerab le  s c a t t e r  and range o f  v a lu es .  For th is  reason, comparison o f  
mean values and element r a t i o s  fo r  each succession i s  p o s s ib ly  more appro­
p r ia te  than the actua l con cen tra t ion s , when cons ider ing  the nature o f  the 
o r ig in a l  sediment.
By comparison w ith  recen t  sediments i t  i s  poss ib le  to  r e la t e  the 
geochemistry o f  the metasediments to  the m ineralogy o f  the o r i g in a l  sed­
iments. The source m ater ia l o f  the o r i g in a l  sediment f a l l s  in to  three 
main types (N ic h o l l s ,  1963) :
a. M ater ia l which has escaped chemical weather ing; because i t  i s  r e s i s t ­
ant t o  chemical a tta ck ,  f o r  example: qu a rtz ,  z irc o n  and ox ide  phases due
to rap id  phys ica l breakdown and d e p o s i t io n ,  f o r  example: fe ld s p a rs ;  or 
because the sediment was d e r ived  from a so ft  f in e  grained ro ck ,  eroded and 
transported w ithout chemical a t ta ck ,  as w ith reworking o f  a p r e -e x is t in g  
sediment.
b. M ater ia l which rep resen ts  the s o l id  product o f  chemical weathering 
o f  the source a rea , fo r  example: c la y  m inerals and c h lo r i t e .
c . M ater ia l reaching the d e p o s i t io n a l  environment in  so lu t ion  and which 
is  subsequently adsorbed onto c la y  m inera ls ,  p a r t i c u la r l y  i l l i t e  and 
m on tm or i l lon ite , w ith  the degree o f  adsorp tion  c o n tro l le d  by the Eh and
pH o f  the d ep o s i t io n a l  environment.
The o r i g in a l  sediment i s  th e re fo r e  a combination o f  r e s is t a n t  d e t r i t a l  
minerals and c la y  m inera ls , the d e t r i t a l  m inerals g iv in g  a much c le a re r  
p ic tu re  o f  the nature o f  the source a re a ,  than the chem ica lly  complex c la y  
minerals.
Mafic m inera ls g e n e ra l ly  decay more r a p id ly  than fe ld s p a rs ,  and 
p la g io c la se  more r a p id ly  than a lk a l i  f e ld s p a rs ,  depending on the condit ions 
o f  weathering (Krauskopf, 1967). Na2 0 , MgO and CaO, in  p a r t ic u la r ,  are
r e a d i ly  lo s t  in to  so lu t ion .  Trace e lem ents, in  co n tra s t ,  w ith  the notable 
exceptions o f  Ba, Sr and Z r , are concentrated in  the c la y  products o f  the
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mineral breakdown, by adsorption , and ion exchange.
The presence o f  the le s s  r e s is ta n t  minerals in  a sediment i s  there­
fore in d ic a t iv e  o f  a rock which has undergone on ly  a short weathering and 
transport h is to r y  and is  said to  be 'chem ica l ly  immature*. In con trast , 
a c la y  r ic h  sediment i s  'ch em ica l ly  mature' in d ica t in g  e i th e r  an extended 
weathering and transport h is to ry  or d e r iv a t io n  from a p r e - e x is t in g  sed­
iment .
Na i s  present in the d e t r i t a l  sediments mainly in  p la g io c la s e ,  
a lk a l i  fe ld sp a rs  and mica, and i t  has a lower concentra tion  than K in  c lay  
minerals. Na^O concentrations are s l i g h t l y  higher w ith in  the sem i-pe l i tes  
and psammites o f  the C orr ieya irack  Succession, compared t o  the Glenshirra 
Succession and may r e f l e c t  e i th e r  a h igher proportion o f  fe ld sp a r  to  c la y  
minerals or a h igher proportion  o f  p la g io c la se  to  a lk a l i  fe ld spa r  in  the 
o r ig in a l  pre-metamorphic phase assemblage o f  the succession.
One o f  the most pronounced d i f fe r e n c e s  between the two successions 
is  the higher K^O concentration  in the Glenshirra Succession. K occurs 
p r in c ip a l ly  in  a l k a l i  fe ld spa rs  and c la y  m inera ls, p a r t i c u la r ly  i l l i t e  
and m on tm or i l lon ite . The high concentration  o f  K^O would th e re fo re  ind­
ica te  a higher proportion  o f  a lk a l i  fe ld sp a r  to p la g io c la s e  or a higher 
c lay mineral content in rocks o f  the G lenshirra Succession. A higher 
a lk a l i  fe ld spa r  content would ind ica te  rap id  depos it ion  o f  m a ter ia l ,  
preventing breakdown o f  the r e l a t i v e l y  unstable a lk a l i  fe ld sp a r  (teauskopf, 
1967) or that the materia l was derived  from a d i f f e r e n t  source to  the 
p lag ioc lase  r i c h  Corr ieya irack  Succession.
In c o n tra s t ,  i f  the high 1^0 content represents a higher proportion 
o f  c lay  m inera ls ,  th is  would ind ica te  that the G lensh irra  Succession 
represented a more mature sediment, e i th e r  as a r e s u l t  o f  a more extended
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transport and weathering h is to r y  or d e r iva t io n  from a p r e - e x is t in g  sediment.
Comparison o f  the trace  element concentrations w ith those o f  the 
major elements w ith  which they exchange may help  to  e s ta b l is h  whether the 
d e t r i t a l  m ater ia l i s  dominated by fe ld sp a rs  or c la y  m inera ls ,  as N i , Cr,
Kb, Y, and Nb concentra tions are g e n e ra l ly  enhanced in  c la y s  compared with 
the ir  unweathered source m a te r ia l .
The high Rb concentra tion  in  the G lenshirra  Succession i s  consistent 
with the high ^ 0  con ten t. Rb+ has a s im ila r  io n ic  rad ius t o  K (1.41A 
c f .  1.33A) and th e r e fo r e  su b s t itu tes  f o r  K+ , usua lly  in  the  l a t e r  c r y s t a l ­
l i z in g  K-m inerals, p a r t i c u la r l y  m ic ro c l in e ,  muscovite and b i o t i t e ,
(Wedepohl, 1969). I t  i s  concentrated r e l a t i v e  to  1^0 in  sh a le s ,  p a r t ic ­
u la r ly  marine sha les , where Rb occurs p r in c ip a l ly  in  i l l i t e  (K/Rb r a t i o  in 
marine shales = 150-200 c f .  250-300 in  fre sh  water or brack ish  sh a le s ) .
Due to  the r e l a t i v e  concen tra t ion  o f  Rb in  c la y s ,  the K/Rb r a t i o  a lso  
decreases w ith  reworking o f  the sediment and can be used as an index o f  
'm a tu r i t y ' .
In both successions the K/Rb r a t i o  o f  the s e m i-p e l i t e s  i s  consistent 
with a marine o r i g in .  I t  i s  h igher w ith in  the semi-psammites and psam- 
mites o f  the G lensh irra  Succession (F ig  4 .7  )  which th e r e fo r e  suggests 
that a su bstan t ia l proport ion  o f  the ^ 0  i s  present in  a l k a l i  fe ld sp a r  
rather than in i l l i t e  or m on tm or i l lon ite .
2+ +Sr ( i o n ic  rad ius  1.13A) a ls o  su bstitu tes  fo r  K in  a l k a l i  fe ld sp a rs ,
but due to  i t s  small io n ic  rad ius su bstitu tes  fo r  K in mica on ly  to  a
2+
l im ited  e x te n t .  I t  can a lso  su bs titu te  r e a d i l y  fo r  Ca in  p la g io c la se  
and amphiboles as w e l l  as c a l c i t e ,  but as a r e s u l t  o f  changes in  the 
p la g io c la se  s tru c tu re ,  the Sr content decreases w ith  in c reas in g  anorth ite  
content (Wedepohl, 1969).
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Sr/Rb r a t i o s  decrease w ith  increased  sediment m aturity  (Cameron, 1980) 
and th is  in d ica te s  that Sr i s  most probab ly  he ld  in p la g io c la s e  ra ther  than 
in c la y  m inerals (C a lv e r t ,  1976), a lthough the Sr/Rb r a t i o  may a ls o  be 
in d ica t iv e  o f  the proportion  o f  f e ld s p a r  to  mica (P r ic e  and Wright, 1971).
The concentra tion  o f  Sr and the Sr/Rb r a t i o  are h igher in  rocks from 
the C orr ieya irack  Succession and in d ic a te  a predominance o f  fe ld sp a r  over 
mica or o f  p la g io c la s e  over a lk a l i  f e ld s p a r .  A higher p roport ion  o f  
p lag ioc lase  in  the succession i s  con s is ten t  w ith  the h igher  concentrations 
o f  CaO and ^ £ 0  in  these rocks.
A l t e r n a t i v e l y  the CaO and Sr may have been present as carbonate in 
the o r ig in a l  sediment. The high va lu es  fo r  these elements in  the 
Corr ieya irack Succession suggesting a higher proportion  o f  c a l c i t e .  This 
model i s  supported by the increased number o f  c a l c - s i l i c a t e  bands, c a l c i t e  
bearing pods and modal c a l c i t e  w ith in  rocks from the C o rr ieya ira ck  
Succession (Chapters 2 & 3 ) .
3+ 2+Y tends to  fo l lo w  Ca but not a l l  C a - s i l i c a t e  m inera ls r e a d i l y  
accept Y. Amongst the Ca-bearing m inera ls  c a l c i t e ,  p la g io c la s e  and c l in o -  
pyroxenes are considered to  be Y r e j e c t in g  m inera ls (Lambert and Holland, 
1979), whereas amphiboles, garnets , e p id o t e ,  a p a t i t e ,  sphene, K - fe ld spar  
and micas are Y acceptor m inera ls. Y i s  a lso  s tron g ly  adsorbed onto c la y  
m inera ls .
Y concentra tions in  the two successions are ve ry  s im i la r  f o r  each 
rock type , f a l l i n g  w ith in  the ranges quoted f o r  recent sediments (sha les  
17-66ppm, greywackes 20-30ppm, sandstones ll-69ppmj Wedepohl,1969). This 
suggests that the CaO bearing phase in  the C o rr ieya ira ck  Succession i s  
a lso  a Y r e j e c t in g  phase such as c a l c i t e  or p la g io c la s e .  Although, as 
the Y content o f  c a l c i t e  i s  < lOppm and that o f  p la g io c la s e  i s  <  5ppm,
70
g iv in g  CaO/Y r a t i o s  o f  c . 40,000, the CaO/Y r a t i o s  o f  the two successions 
are too low fo r  most o f  the Y to be contained in  c a l c i t e  or p la g ioc lase  
(Lambert and Holland, 1974). Y i s  concentrated r e l a t i v e  to  CaO with 
reworking o f  sediments due t o  i t s  adsorp tion  onto c la y  minerats. I t  seems 
reasonable th e r e fo r e  that some Y i s  contained w ith in  c la y  minerals in both 
successions or w i th in  d e t r i t a l  ep id o te ,  sphene or a p a t i t e .  The lower CaO/Y 
ra t io  o f  the G lensh irra  Succession (mean va lu e s )  suggests that the succes­
sion contains a h igher  proportion  o f  c la y  minerals and may be more mature 
and more d i f f e r e n t ia t e d  than the C orr ieya irack  Succession (Lambert and 
Holland, 1974). Sr/Y r a t io s  can a lso  be used as an index o f  sediment 
maturity; Sr in d ic a t in g  the presence o f  fe ld sp a rs  and Y the presence o f  
c lay minerals, a lthough the r a t i o  may a ls o  in d ica te  the proportion  o f  
p lag ioc lase  (S r )  t o  a lk a l i  fe ld sp a r  ( Y )  or mica (Y ) .  Sr/Y i s  s l i g h t l y  
lower in the psammites and semi-psammites o f  the G lenshirra  Succession 
(mean va lu es )  than in  those o f  the C orr ieya ira ck  Succession but s l i g h t l y  
higher in  the s e m i - p e l i t e s . Sr/Y in  the psammitic l i t h o l o g i e s  again 
indicates e i th e r  a higher proportion  o f  c la y  minerals to  fe ld sp a rs  or a 
higher proportion  o f  mica or a lk a l i  fe ld s p a r  to  p la g io c la se  or c a l c i t e  in  
the Corr ieya irack  Succession. The lower va lues o f  CaO/A^O^ in  the 
Glenshirra Succession (mean va lu es )  (F i g  4 . 7 )  a lso  in d ica te s  the r e l a t i v e  
concentration o f  c l a y  m inerals or a l k a l i  fe ld sp a r  or the lack  o f  c a l c i t e  
in the G lenshirra  Succession compared w ith  the Corr ieya irack  Succession.
+ 2+
Ba a lso  f o l lo w s  K and to  a le s s e r  ex ten t Ca in  fe ld spa rs  and 
micas and a lso  a p a t i t e  and c a l c i t e .  E a r ly  c r y s t a l l i z i n g  K - fe ld spars  have 
higher Ba concentra tions than, fo r  example m icroc lin es  from pegmatites 
(Wedepohl, 1969) and th is  may be u se fu l in  d is t in gu ish in g  a le s s  w e l l  
d i f fe r e n t ia t e d  source rock. Moore (1963) suggests that Ba i s  concentrated 
in arkosic sands and r e f l e c t s  the t o t a l  fe ld sp a r  content. The high Ba 
concentrations and the low Ba/Rb r a t i o s  in  the G lenshirra  Succession 
therefore in d ica te s  a higher proportion  o f  fe ld spa r  to  mica or K -fe ldspar
7to  p lag ioc la se  (P r ic e  and W right, 1971) than in  the C orr ieya irack  Succession.
In the fo re go in g  d iscuss ion  two a l t e rn a t iv e s  have been proposed as 
explanations o f  lower Sr/Y, CaO/Y and Sr/Rb r a t i o s  in  the G lenshirra  
Succession i
i .  The G lenshirra  Succession rep resen ts  a more 'ch em ica l ly  mature' 
sediment, conta in ing  a higher p roportion  o f  c la y  m inera ls to  fe ld sp a rs  
than the C orr ieya irack  Succession, r e f l e c t i n g  a d i f f e r e n t  weathering and 
transport h is to ry  or the reworking o f  a p r e - e x is t in g  sediment.
i i .  The G lenshirra  Succession conta ins a higher p roportion  o f  a lk a l i  
fe ldspar or mica t o  p la g io c la s e ,  than the C orr ieya ira ck  Succession, sug­
gesting a d i f f e r e n t  provenance fo r  the two successions.
The higher Ba and h igher K/Rb r a t i o s  o f  the C orr ieya irack  Succession 
suggest that the second a l t e rn a t iv e  i s  more probable w ith  Ba and K^O 
present in  a lk a l i  fe ld s p a r  or mica and Rb rep resen t in g  the p roportion  o f  
clay m inerals (H i r s t ,  1962a & b ) .  This i s  a ls o  suggested by the high 
^ 0 / ^ 2 0  r a t i o  o f  the psammites, assuming that they rep resen t o r i g in a l  
non-clay bearing sandstones (B la t t ,  Middleton & Murray, 1980).
P lo ts  o f  lo g  Na20/K20 w ith  lo g  S i02/Al202 (P e t t i j o h n ,  P o t te r  &
Siever, 1972) (F ig  4 .8  )  suggest that the G lenshirra  psammites and semi- 
psammites are c lo s e r  to  l i t h i c  a re n ite s  and arkoses in  composit ion , w h ils t  
the Corr ieya irack  semi-psammites p lo t  w ith  the greywackes.
This d i s t in c t i o n  i s  a lso  shown on a tr ia n gu la r  p lo t  o f  Na2 0 iK20 » 
Fe20^ t o t ^+MgO ( B l a t t ,  Middleton & Murray, 1980) (F ig  4 .9  ) .  Most o f  the 
samples from the G lensh irra  Succession p lo t  as ' tap h rogeosyn c l in a l ' r ep re ­
senting a rkos ic  sandstones, de r ived  from p lu ton ic  rocks o f  broad ly  g r a n i t ic  
composition and r e l a t i v e l y  r ic h  in  ^ 0  and low in f^ O ^  and MgO. In 
contrast, most o f  the C orr ieya irack  samples p lo t  as 'e x o g e o s y n c l in a l '  and 
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Figure 4 .8 :  a )  Rb v . Sr, b ) Na20/K20 v .  S i02/A l2C>3 fo r  
semi-psammites, a f t e r  P e t t i jo h n ,  e t  a l . (1972 ).
Figure 4.9 i
Figure 4.9 s
A. Fe^CXj t o t .  + MgO -  Na20 -  K^O tr ian gu la r  diagram f i e l d s  
from B la t t ,  e t  a l . (1980 ).
B. A.F.M. Diagram showing p o s it io n s  o f  means o f  main 
sandstone types
A: Arkose (P e t t i j o h n ,  1963)
G« Greywacke (P e t t i j o h n ,  1963)
L.A« L i t h i c  a re n ite  (P e t t i j o h n ,  1963)
Q« Q uartz ite  (P e t t i j o h n ,  1963)
S« Shale (Van de Kamp, e t  a l . ,  1976)
Fe2Ojtot ♦ MgO




the d i f fe re n ce s  between a rkoses  and greywackes r e f l e c t  a source con tro l 
and a lso  the act ion  or ground water on the a rk os ic  sandstones r e s u l t in g  in  
the lo s s  o f  MgO in  so lu t ion  and the r e ten t io n  o f  iron  as Fe2 °3  ra ther  than 
FeO. The high Ife^O/I^O r a t i o  in  greywackes may be the r e s u l t  o f  a l b i t -  
iza t ion  o f  p la g ioc la se  du r ing  d ia gen es is ,  the presence o f  a lb i t e  r i c h  rock 
fragments and the c h a r a c t e r i s t i c a l l y  rap id  d e p o s i t io n ,  preserv ing  Na20 in  
p lag ioc lase  rather than r e p la c in g  i t  by 1^0 during the formation o f  the 
c lay minerals (B la t t ,  e t  a l . ,  o p . c i t . ) .
However, the ^ 2 0 / ^ 0  r a t i o  c h i e f l y  depends upon the composition o f  
the d e t r i t a l  fe ldspar  and does not d is t in gu ish  greywackes from muddy sand­
stones. The range in com posit ion  o f  the samples in  each succession th ere ­
fore may r e f l e c t  vary ing  p roport ions  o f  c la y  m inera ls in  sandstones which 
are subarkosic ra ther than the  presence o f  greywackes (Lambert, Winchester 
and Holland, 1981).
In a p lo t  o f  N i g g l i  a l - a l k  w ith  l^O (S en io r  and Leake, 1978) (F ig  4.10 
a l-a lk  i s  taken to  be a measure o f  the which was contained in  c lays
and mica in  the o r ig in a l  sediment, th e re fo re  p lo t s  aga inst a l - a lk  should 
show whether the concen tra t ion  o f  p a r t ic u la r  elements i s  c o n tr o l le d  c h i e f l y  
by the c la y  minerals and mica content o f  the o r i g in a l  sediment. The 
Glenshirra rocks tend to  have higher va lues o f  1^0 than the C orr ieya irack  
samples fo r  the same p rop o r t io n  o f  c la y  and mica. They th e r e fo r e  contained 
before metamorphism e i th e r  a higher proportion  o f  ^ 0  bearing c la y  ( f o r  
example, i l l i t e ) ,  a higher p roport ion  o f  ^ 0  bearing mica, o r  the ^ 0  
content is  not con tro l led  by the c la y  and mica but by a lk a l i  fe ld s p a r .
In an A.F.M. diagram (F ig  4 . 9 )  the samples p lo t  on a c a lc - a lk a l in e  type 
trend (Robinson and Leake, 1975) in d ica t in g  an increase o f  Na2<5 + 1^0 in  
r e la t io n  to  a f a i r l y  constant Fe0/Mg0 r a t i o .  FeO and MgO are  c h i e f l y  
con tro l led  by the c lay  m inera ls  and mica, th e r e fo r e  the trend in d ica tes  an 















































plot in  the higher Na20 + K20 range in d ica t in g  a higher proportion o f  
fe ld spa r ,  p a r t i c u la r ly  in  the more psammitic rocks. Comparison w ith  aver­
ages o f  the major sandstones (P e t t i j o h n ,  1963) shows that th is  i s  not 
simply an e f f e c t  o f  in c reas in g  SiC>2 and that again the Glenshirra rocks 
are a rk os ic  in  composition and the C orr ieya irack  rocks are more l ik e  grey-  
wackes.
N icke l and chromium occur predominantly w ith in  the minor d e t r i t a l
3+ 3+ 2+phases such as garne t,  magnetite and r u t i l e ,  r ep la c in g  A1 , Fe or Mg , 
although both elements are e a s i l y  removed by weathering and can be conc­
entrated in  the c la y  f r a c t i o n  o f  the sediment. The concentra tion  o f  both 
elements in  the sediment i s  c o n tr o l le d  mainly by the r a t i o  o f  mafic to 
g ra n i t ic  rocks in  the source area (Wedepohl, 1969). Therefore the lower 
values f o r  these elements in  the C orr ieya irack  Succession h ints that i t  i s  
derived from a lower p roport ion  o f  bas ic  source rock than the Glenshirra 
Succession.
Both successions conta in  s im i la r  proportions o f  t o t a l  Fe (h igher mean 
values in  G lenshirra  Succession l a r g e l y  due to  low SiC>2 in  mean). However, 
the mean va lues fo r  the r a t i o  o f  Fe20.j/Fe0 i s  higher in  the G lenshirra 
Succession than in  the C orr ieya irack  Succession in d ica t in g  a more ox id ised  
environment cons is ten t  w ith  t h e i r  a rk os ic  nature. Th is  is  p a r t ic u la r ly  
true fo r  the psammites and semi-psammites although the G lenshirra  Succes­
sion shows a wide s c a t t e r  o f  va lues (F ig  A .11 ).  The d i f f e r e n c e  in  ox id ­
ation s ta te  o f  the two successions i s  discussed in  more d e ta i l  in  Section 6 .
In summary i The v a r ia t io n s  in  chemistry between the two successions 
ind ica tes  that the G lensh irra  Succession represents a group o f  sediments 
that i s  l e s s  'mature' than the C orr ieya irack  Succession, with a higher 
proportion o f  a l k a l i  fe ld s p a r  to  p la g io c la se  and fe ld sp a r  to  c la y  minerals 








Corr ieyairack Succession, in  co n tra s t ,  represents o r i g in a l  sediment more 
l ik e  greywackes in  composition. These d i f fe re n c e s  may be due to  d e r iva t ion  
of the G lensh irra  Succession from a more a lk a l i  fe ldspa r  r i c h  or g ra n i t ic  
source, although the Ni and Cr concentrations ind ica te  some mafic component 
in the source area , perhaps in d ic a t in g  a mixed provenance or  that the 
d e t r i t a l  m a ter ia l  was subjected to  a le s s  in ten s ive  t ransport  and weath­
ering h is to r y .
d. V a r ia t ion  between Formations.
i . G lensh irra  Succession.
As s ta ted  in  the in trod u c t ion ,  the G lenshirra Succession i s  rep re­
sented by a r e l a t i v e l y  small number o f  samples (2 8 ) .  Comparisons between 
the formations must th e re fo r e  be t rea ted  w ith  caution as the samples may 
not be r ep re s e n ta t iv e  o f  each form ation  as a whole, p a r t i c u la r l y  where the 
standard d e v ia t io n s  are la rg e .
The Gairbeinn Pebbly Semi-psammite Formation has a markedly d i f f e r e n t  
chemistry from the r e s t  o f  the succession and from the C o rr ieya ira ck  
Succession. Although no la rg e  c l a s t i c  fragments were inc luded  in  the 
samples which were chosen to  represen t the matrix o f  the pebbly formation, 
the in te rn a l  v a r ia t io n  and unusual o v e r a l l  chemistry may p a r t ly  r e s u l t  
from the in c lu s ion  o f  smaller d e t r i t a l  rock fragments w i th in  the analysed 
fra c t io n .
Compared w ith  the r e s t  o f  the succession, the fo rm ation  has higher
cen
Ba, CaO, TiC^» Fe2°3  concen tra t ions , markedly higher Sr c o lo r a t io n ,  and 
lower concentra tions o f  Y, Rb, Cr, N i , Nb and MgO (Tab le  4 . 5 )  r e s u l t in g  
in ve ry  much higher Sr/Y and Sr/Rb r a t i o s .  These d i f f e r e n c e s  a l l  point
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TABLE 4 .5
A B C D E
Si02 65.08 4.85 66.92 8.08 66.72 1.55 80.25 3.62 76.76 3.57
Ti02 1.09 .80 .74 .09 .57 .20 .33 .11 .33 .11
A12°3 15.93 2.15 15.46 3.26 14.99 .22 9.75 1 .62 11.00 1.65
Fe2°3 2.27 1.74 1.69 .60
1.17 .41 .78 .43 .84 .78
FeO 2.03 1.05 1.74 .03 3.42 .01 1.05 .20 1.14 .56
MnO .08 .02 .08 .01 .09 .00 .07 .05 .05 .01
MgO 1.28 .57 1.29 1.24 1 .49 .26 .17 .13 1.01 .99
CaO 2.85 .35 1.39 .86 1 .27 .22 1.01 .62 1.06 .22
Na20 3.61 .53 3.69 1.43 2.65 .41 2.81 .37 2.80 .60
o
CVJ 3.80 .48 4.41 1.67 5.32 .94 2.72 1 .02 3.82 .72
P2°5 .12 .07 .18 .13 .13 .07 .05 .02 .07 .03
Rb 58 27 98 37 166 6 78 22 102 28
Sr 709 333 343 233 246 34 215 53 234 34
Ba 1802 874 1268 611 1068 76 802 144 886 126
Ni 18 5 19 11 27 13 59 39 14 3
Y 9 4 19 9 21 13 13 7 13 6
Cr 34 10 29 25 39 10 20 4 18 5
Zr 259 154 319 84 135 64 161 94 191 119
Nb 14 12 26 11 20 1 29 5 28 8
A Mean o f  sem i-psam m ites  from  G a i r b e in n  P eb b ly  S em i-psam m ite  
(5  a n a ly s e s )
B Mean o f  sem i-psam m it e s  from  A l l t  Lua idhe  S em i-psam m ite  ( 4  a n a ly s e s )
C Mean o f  sem i-psam m it e s  from  C r e a g  Mhor Psam n ite  ( 2  a n a l y s e s )
D Mean o f  psammit e s  from  Carn D e a r g  Psammite (3  a n a l y s e s )
E Mean o f  psammit e s  from  C reag  M hor Psammite (7  a n a l y s e s )
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to the 'chemical im m aturity ’ o f  the o r i g in a l  sediment (S ec t ion  2 e ) ,  w ith  
the high va lues o f  Ba and Sr in d ica t in g  a high fe ld sp a r  c o n te n t , and low 
concentrations o f  Y , Rb, Cr, Ni and Nb, po in ting  t o  a low c la y  content.
The low concen tra t ion  o f  Cr, Ni and Nb a lso  in d ica te  a low content o f  mafic 
minerals suggest ing  that the sediment was der ived  from a 'w e l l  d i f f e r e n ­
t ia t e d '  source r o c k .  The h igher K/Rb r a t i o s  and low Ca/Sr r a t i o s  are a lso  
more compatible w i th  a f r e s h  water o r i g in  (Campbell & Lerbekmo,1963, 
Wedepohl,1969).
The high concen tra t ions  o f  T i0 2> Fe203 and po ss ib ly  CaO in  some 
samples, may be a ssoc ia ted  w ith  the presence o f  ’ heavy ’ d e t r i t a l  minerals 
such as i lm en ite ,  r u t i l e  and e p id o t e . P2C>5 concentra tions are s im ila r  to
those o f  the r e s t  o f  the succession, and a p a t i t e  was th e re fo r e  not p a r t i c ­
u la r ly  concentrated in the sediment.
The ’ im m aturity ’ o f  the Gairbeinn Pebbly Semi-psammite means that 
i t  i s  more l i k e l y  t o  r e t a in  many o f  the chemical c h a r a c t e r is t i c s  o f  the 
rocks from which i t  was d e r iv ed  than the other fo rm ations. Comparisons 
with average ana lyses  o f  p o ss ib le  source rocks, inc lud ing  the Lewisian or 
'o ld e r '  Moine rocks  northwest o f  the Great Glen Fault (Tab les  4.11 & 4 .12 ) 
revea l severa l important d i f f e r e n c e s .
Compared w ith  the Lew isian (Tab le  4 .1 1 ) ,  the Gairbeinn Pebbly Semi- 
psammite has a s im i la r l y  h igh  Sr/Y r a t i o  but has higher concen tra t ions  o f  
Ti02> K20 and Ba, but lower MgO, CaO, Na20, Ni and Cr. I t  a l s o  has lower 
Ca/Y and Ca/Sr and higher Zr/P205 r a t i o s .  Although many o f  these d i f f e r ­
ences could be exp la ined  by the e f f e c t s  o f  chemical w eather ing , fo r  example, 
the removal o f  s od ic  fe ld sp a rs  and the depos it ion  o f  K20 r i c h  c la y  m inera ls, 
the d i f fe re n ce s  a re  la rge  enough to  suggest that the Lewisian basement was 
not the source rock  fo r  t h i s  fo rm ation . Comparison w ith  the Morar Basal 
P e l i t e ,  which d i r e c t l y  o v e r l i e s  the Lewisian and has a chem istry which
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supports a model f o r  i t s  d e r iv a t io n  from the Lewisian (W inchester, Lambert 
& Holland, 1981) and i s  in term ed iate  between the Lewisian and the o v e r ly in g  
Morar D iv is io n ,  a ls o  suggests that the Gairbeinn Pebbly Semi-psammite may 
not have been der ived  from the Lew isian.
The Gairbeinn Pebbly Semi-psammite has h igher concentra tions o f  Sr,
Ba, Nb, and TiO^ and lower concentrations o f  MgO, P2° 5 » Rb» Y » Ni » Cr and 
Zr than the Morar Basal P e l i t e ,  r e s u l t in g  in  an even higher Sr/Y r a t i o  
than that which makes the Morar Basal P e l i t e  so d i s t in c t i v e  (W inchester, 
et a l . ,1 9 8 1 ) .  The Gairbeinn Pebbly Semi-psammite i s  th e re fo r e  no more 
'mature' than the Morar Basal P e l i t e  and hence i t s  other chemical d i f f e r ­
ences h in t that i t  may be from a basement source other than the Lew isian.
P lo t s  o f  TiC^ v  SiC>2 (T a m ey ,  1977) and lo g  Zr/TiC^ v  Ni (W inchester, 
Park & Holland, 1980) designed t o  d is t in gu ish  between metasedimentary and 
meta-igneous rocks, suggest that there  i s  a su bs tan t ia l  proportion  o f  
igneous m ater ia l in  the source area o f  both the successions in  the 
Corr ieya irack area , as the samples g e n e ra l ly  p lo t  across the sedimentary/ 
igneous d iv id in g  l i n e  (F ig s  4.4 & 4.12). The presence o f  m icroc l in e  c la s ts  
in the pebbly form ation  and abundant quartz pebbles suggests that the source 
was g e n e ra l ly  o f  g r a n i t i c  composition, but i t  i s  not poss ib le  to  e s ta b l is h  
more p r e c is e ly  the nature o f  the source rock .
The average analyses fo r  each formation  (Tab les  4.5 & 4 .6 )  in  the 
Glenshirra Succession, p a r t i c u la r l y  the semi-psammites, as the numbers o f  
the analyses o f  t h i s  rock type are more comparable, show a steady drop in 
the concentration  o f  TiC^» CaO, Na20 , Sr and Ba and an increase in  1^0 and 
Rb down the succession. The Creag Mhor Formation i s  a lso  ch arac ter ized  by 
a lower ^e 2®3^ e 2®3 ( t o t a l )  r a t ^° in d ica t in g  a le s s  ox id ised  environment.
























































S i0 2 56.00 4.24 54.96 53.95 3.50
T i02 1.05 .01 1 .07 1.09 .24
a i 2o3 19.42 1.29 18.63 18.82 1.58
Fe2°3 4.79 .76 3.45 2.73 .87
FeO 3.47 2.63 5.65 6.52 2.13
MnO .15 .08 .17 .19 .04
MgO 2.81 1.73 3.13 3.51 .80
CaO 1.59 .57 .54 1 .28 .21
Na20 2.03 1.94 .56 1.94 .21
k2o 5.77 .82 7.22 7.14 1.72
P2°5 .33 .06 .28 .23 .04
Rb 153 18 307 304 8
Sr 283 173 75 176 16
Ba 1269 15 1265 1099 143
Ni 88 41 55 49 1
Y 33 0 30 49 7
Cr 83 37 81 82 12
Zr 280 166 183 253 119
Nb 15 3 27 23 2
A Mean of sem i-pelites from A l l t  Luaidhe Semi-psammite (2 analyses) 
B Sem i-pelite from Carn Dearg Psammite (Sample no. PJH 263)
C Mean of sem i-pelites from Creag Mhor Psammite (3 analyses)
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succession w h i ls t  K/Ba in c reases . I f  Rb i s  an in d ic a to r  o f  the r e l a t i v e  
proportion o f  c la y  m inerals present (C a lv e r t ,  1976) and Ba correspond ing ly  
an in d ica t ion  o f  the t o t a l  fe ldspar  content (Moore, 1963), then these 
ra t ios  in d ica te  a decrease in  the c la y  mineral con ten t up the succession, 
or a decrease in  the 'm aturity*  o f  the sediment.
The increase in  CaO, Na20 and Sr, and decrease in K20 and Rb up the 
succession may in d ica te  an increase in  the p rop ort ion  o f  p la g io c la s e  in  
the sediment, p o ss ib ly  due to  a gradual change o f  provenance. This may 
also be ind ica ted  by the increase in  Zr/P20,. in  which Zr rep resen ts  
d e t r i t a l  z ircon s  and P20  ^ d e t r i t a l  a p a t i te .
Looking at the succession as a whole, the chem istry  i s  cons is ten t  
with the fo l lo w in g  reg im e: depos it ion  o f  the Creag Mhor Psammite poss ib ly  
in a shallow marine environment, suggested by the f i e l d  c h a ra c t e r is t ic s  
o f the sediments (Chapter 2 ) ,  w ith a ra p id ly  u p l i f t e d  basement source area 
and emergent d ep os it io n a l  environment producing an in c rea s in g ly  immature 
sediment, culm inating in  the depos it ion  o f  the Gairbeinn Pebbly Semi- 
psammite, po ss ib ly  in  an a l lu v i a l  fan or braided stream environment 
(Chapter 5 ) .
i i . C orr ieva irack  Succession.
S e m i-p e l i t ic  Rocks.
Comparison o f  analyses from the T a r f f  Gorge and from the main outcrop 
of the Monadhliath S em i-p e l i te  (Table 4 .7 ) ,  supports the proposal (Chapter 
2 ) that these two sem i-p e l i te s  are part o f  the same form ation . The 
average analyses o f  the sem i-p e l i te s  are very  s im i l a r ,  and the two groups 
o f  samples show considerab le  over lap  on most v a r ia t i o n  diagrams. The 
T a r f f  Gorge s e m i-p e l i te s  have s l i g h t l y  higher concen tra tions  o f  MgO, appar­
ent on a v a r ia t io n  diagram o f  MgO v A1203 4 .1 3 )  and a lso  MgO v Si02
(F ig  4.4 ) .  In view o f  the lack o f  c a l c - s i l i c a t e  bands in  the T a r f f  Gorge
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TABLE 4.7
A B C D
Si02 60.63 3.26 60.76 2 .99 59.25 4.51 59.59 4.09
Ti02 .87 .12 .87 .09 .88 .13 .91 .14
a i2o3 17.41 1.88 16.99 1.69 17.99 1.57 18.46 1.73
Fe2°3 1.54 .75 1.55 .24 1.30 .19
2.84 1.76
FeO 5.01 .91 5.39 .82 4.82 1 .13 3.84 1.89
MnO .15 .05 .12 03 .12 .03 .13 .10
MgO 2.41 .50 2.86 .44 2.70 .42 2.20 .55
CaO 2.56 .86 2.32 .58 1.91 .76 1.89 .51
Na20 3.49 1.05 3.05 .44 2.46 .52 2.68 .91
k2o 2.91 1.15 3.02 .51 4.71 1.67 3.83 .65
P2°5 .27 .12 .28 .03 .33 .18 .29 .08
Rb 132 37 131 26 167 39 157 18
Sr 357 103 325 42 275 65 262 78
Ba 768 305 797 110 1245 241 1019 262
Ni 38 7 38 5 39 7 23 9
Y 37 11 35 6 36 12 34 5
Cr 62 12 60 9 59 9 57 11
Zr 241 86 219 69 219 54 197 40
Nb 25 4 23 5 22 8 29 5
A Mean of semi -pe lite s from Monadhl-¡ath Semi -p e lite  (23
B Mean of semi -pe li tes from the T arff Gorge (9 analyses
C Mean of sem i-pe lites from Knockchoilum Semi-psammite (6 analyses)
D Mean of sem i-pelites from Coire nan Laogh Semi-pe lite  (10 analyses)
COMPARISON OF SEMI-PELITES FROM THE CORRIEYAIRACK SUCCESSION.
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sect ion , p o s s ib ly  due t o  s l i g h t  v a r ia t io n s  in  the environment o f  depos it ion  
of the o r i g in a l  sediment, small geochemical d i f f e r e n c e s  are to  be expected, 
and the v a r ia t i o n  in  MgO/A^O^ may simply in d ica te  a higher concentra tion  
o f  montmorilIonite in the c la y  f r a c t i o n  o f  the sediment (C a lv e r t ,  1976).
Comparison o f  the two major s e m i-p e l i t i c  form ations« the Monadhliath 
Semi-pelite  and the Coire nan Laogh Sem i-pe lite  by con trast r e v e a l  seve ra l  
d i f fe r e n c e s ,  supporting the f i e l d  in t e rp r e ta t io n  that these formations 
occur at d i f f e r e n t  s t ra t ig ra p h ic  l e v e l s ,  ra th er  than one being an in fo ld  
o f  the o th e r ;  a p o s s ib i l i t y  suggested by Anderson (1956).
The Coire  nan Laogh S em i-p e l i te  has s l i g h t l y  lower concentra tions o f  
CaO, Sr, Na20, Zr and N i , and h igher concentrations o f  Rb, Ba and K20.
The value f o r  a l - a lk  (F ig  4 .10 ) i s  a ls o  h igher ,  and a higher proportion  
o f  c lay  m inera ls  compared w ith  fe ld s p a r  suggested by these va lues would 
explain the lower Na20, CaO and Sr, in d ica t in g  a r e l a t i v e  lack o f  p la g io -  
clase .
The Coire  nan Laogh S em i-p e l i te  has a v e r y  s im ila r  composition to 
the s e m i-p e l i t i c  f r a c t io n  from the Knockchoilum Semi-psammite suggesting 
that both form ations rep resen t s l i g h t l y  more •mature' sediments compared 
with the Monadhliath S e m i-p e l i t e ,  e i t h e r  due t o  an increased destance from 
the sediment source or e ros ion  o f  a more c la y  r i c h  p r e - e x is t in g  sediment.
I t  has been proposed that the m igmatitic  S em i-p e l i te  at the base o f  
the C orr ieya irack  Succession represen ted  the basal part o f  the Coire nan 
Laogh S em i-p e l i te  a f f e c t e d  by movement on the Gairbeinn S lide  (Chapter 7 ) .
This produced in s itu  r e c r y s t a l l i z a t i o n  without ex ten s iv e  metasomatism by
/
perco la ting  f lu id s .
This model i s  supported by comparison o f  the 'm ig m a t i t ic '  and 'non-
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migmatitic* s e m i-p e l i t e s . The average compositions (Tab le  4 .8 )  show very  
few d i f f e r e n c e s ,  these being on ly  the ox id a t ion  s ta te  o f  i r o n ,  and concen­
tra t ions o f  Ba and Nb. The m igm atit ic  sem i-p e l i te  i s  s l i g h t l y  more o x id ­
ised than the non -m igm atit ic . This may be due to  the d i f f i c u l t y  in  
obtaining f r e s h ,  unweathered samples o f  the coarser g ra ined  m a te r ia l .  The 
loss o f  Ba, increase  in  Nb and p o ss ib ly  the v a r ia t io n  in  ox id a t ion  sta te  
may be a t t r ib u te d  to  the l o c a l  movement o f  hydrothermal f lu id s  during 
r e c r y s t a l l i z a t i o n  (Chapter 3 ) .
Semi-psammitic Rocks.
The Carn Leac Semi-sammite and Knochchoilum Semi-psammite can not be 
distinguished on the basis  o f  t h e i r  geochem istry , as t h e i r  average analyses 
(Table 4 .9 )  are almost id e n t i c a l  desp ite  the d iscrepancy in  sample s i z e ,  
and the two formations p lo t  in  the same f i e l d s  on most v a r ia t i o n  diagrams, 
although, the Carn Leac samples do have lower MgO and P20^ concentra t ion s  
and a higher Zr/P20,. r a t i o .  The geochemistry o f  the two formations cannot 
therefore be used as a basis  f o r  s t ra t ig ra p h ic  c o r r e la t i o n .
The two samples from the T a r f f  Gorge sec t ion  have higher concen­
tra t ions o f  MgO, Rb, and Ba, and lower concentra tions o f  Sr and Zr than 
the samples from the Monadhliath S e m i-p e l i t e ,  but con s id e r in g  the small 
sample s iz e  and the standard d e v ia t io n s  o f  the average ana lyses , these 
d i f fe ren ces  are probably not r e l i a b l e .
The Knockchoilum Semi-psammite has higher average concentrations o f  
MgO, K20, Ba, Rb and Cr than the Monadhliath or Coire nan Laogh Formations, 
but on most v a r ia t io n  diagrams a l l  the formations o f  the Corr ieya irack  
Succession show considerab le  o v e r lap  and cannot be d is t in gu ish ed .  The 
only excep tions are a p lo t  o f  A1203 v MgO (F ig  4 .13 ) and Na20/K20 v Rb/Sr 
(Fig 4 .1 3 ) .  Psammites from the Monadhliath S em i-p e l i te  have a higher 




S i0 2 59.77 5.25 59.40 3.15
Ti02 .88 .18 .94 .10
a i 203 18.26 2.16 18.67 1.40
Fe2°3 2.70 1.57 2.99 2.13
FeO 3.86 2.12 3.82 1.89
MnO .16 .14 .10 .02
MgO 2.31 .65 2.09 .48
CaO 1.99 .70 1 .78
00C\J
Na20 2.75 1.29 2.62 .42
k2o 4.03 .84 3.63 .40
P2°5 .28 .10 .29 .05
Rb 165 16 152 19
Sr 287 139 248 18
Ba 1278 216 865 130
Ni 27 7 19 9
Y 31 4 37 5
Cr 55 14 59 9
Zr 198 64 196 29
Nb 23 3 32 3
A Mean of non- migm atitic sem i-pelites from Coire nan Laogh 
Sem i-pelite (5 analyses)
B Mean o f m igmatitic sem i-pe lites from Coire nan Laogh Semi 
pelite  (5 analyses)
COMPARISON OF 'MIGMATITIC' AND 'NON-MIGMATITIC' SEMI-PELITES
FROM THE COIRE NAN LAOGH SEMI-PELITE.
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TABLE 4 .9
A B C D E
Si02 70.45 5.56 70.01 1 .78 70.21 4.72 66.84 4.06 65.31 2.67
Ti02 .64 .14 .55 .11 .59 .12 .67 .15 .64 .06
a i2o3 12.95 2.47 13.47 .89 14.01 1 .66 14.17 1.79 17.08 1 .93
Fe2°3 1.05 .26 .78 .18 .81 .10 1.03 .50
.97 .13
FeO 2.87 .99 2.91 .25 3.25 .45 3.72 1.06 3.74 .45
MnO .09 .03 .12 .06 .09 .02 .11 .04 .25 .02
MgO 1 .47 .69 1.40 .19 1 .92 .28 2.16 .64 1.58 .36
CaO 2.03 1 .22 2.65 .85 1.91 .33 2.51 1.70 4.05 1.13
Na20 3.01 .65 3.87 .43 3.43 .06 3.37 .50 3.48 1 .39
k2o 2.51 1.29 1.75 1.04 2.42 .24 2.63 .84 1.43 .45
P2°5 .15 .03 .14 .06 .17 .06 .21 .09 .35 .14
Rb 98 50 71 24 102 14 106 30 76 42
Sr 292 56 439 107 319 47 327 51 410 98
Ba 655 293 516 325 704 219 677 216 350 280
Ni 26 8 25 5 27 4 28 6 36 12
Y 24 7 22 5 22 6 29 6 25 3
Cr 36 11 34 3 34 6 42 7 38 7
Zr 263 129 270 129 113 157 250 107 219 31
Nb 28 4 24 7 21 1 24 5 29 9
A Mean o f  s e m i-psam m ites  
B Mean o f  s e m i-psam m ites  
C Mean o f  s e m i-psam m ites  
D Mean o f  s e m i-psam m ites  
E Mean o f  sem i-psam m it e s
from  Carn L e a c  Sem i-psam m ite  (5  a n a l y s e s )  
from  M o n a d h l ia th  S em i- p e l i t e  (6  a n a l y s e s )  
from  th e  T a r f f  Gorge (2  a n a ly s e s )  
from  K n ockch o i lu m  Sem i-psam m ite  (21 a n a l y s e s )  
from  C o i r e  nan  Laogh Sem i- p e l i t e  ( 3  a n a l y s e s )
COMPARISON OF SEMI-PSAMMITES FROM THE CORRIEYAIRACK SUCCESSION
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ind ica ting  a lower p roport ion  o f  m ontm oril lon ite  in  the c la y  f r a c t io n  
(C a lver t ,  1976). The Monadhliath S em i-p e l i te  a ls o  has higher ^ 2 0 / ^ 0  
ra t ios  than the C o ire  nan Laogh S em i-p e l i te  fo r  the same Rb/Sr r a t i o  and 
the sem i-pe l i te s  from  the T a r f f  Gorge and the Knockchoilum Formation are 
t ra n s it ion a l between the two, in d ica t in g  a decrease in  the m aturity  o f  the 
sediment up through the succession , w ith  a reduc tion  in  the p roportion  o f  
clay minerals and in c rease  in  p la g io c la s e  fe ld s p a r .
e . Comparison w ith  Other Metasediments from the Highlands.
Lambert, Winchester and Holland (1981) suggest that the ch em ica lly  
mature nature o f  th e  s e m i-p e l i t e s  from the lower part o f  the Appin Group 
o f the Dalradian, produces c h a r a c t e r i s t i c  trace  element r a t i o s !
CaO/Y <31 0 , P2°5^Y < 5 5 '  K/Rb <  240 and Rb/Sr >  0.65 and that these
ra t ios  can be used t o  d is t in gu is h  between Dalradian and Moine s e m i-p e l i t e s .
Anderson (1956 ) c o r r e la t e d  the Monadhliath Schist o f  the C orr ieya irack  
area, w ith the Leven Schists  o f  Glen Roy. I t  has a lready  been shown that 
the two s e m i-p e l i t e s  occur a t d i f f e r e n t  s t r a t ig r a p h ic  l e v e l s  (Chapter 2 )  
(Haselock and W inchester , 1981) separated by the Carn Leac Semi-psammite, 
and the f i e l d  ev idence  i s  supported by d i f f e r e n c e s  in the geochem istry o f  
the two s e m i-p e l i t e s  (Tab les 4 .7  & 4 .1 0 ) .
Compared to  th e  Leven Sch ists  the Monadhliath S em i-p e l i te  from the 
Corrieyairack area has higher concen tra tions  o f  MnO, CaO, Na20 and Sr, and 
lower va lues o f  A ^ O ^ ,  ^ 0 ,  Rb, Y and Z r . On the Dalradian/Moine d iscr im ­
ination diagrams o f  Lambert, e t  a l .  (1981 ) the Monadhliath S em i-p e l i te  
plots almost e n t i r e l y  w ith in  the Moine f i e l d  (F ig s  4 .1 4 & 4 .1 6 ) .  S im i la r ly  
the remainder o f  th e  C o rr ieya ira ck  Succession p lo t s  c o n s is te n t ly  w ith in  
the Moine f i e l d .
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TABLE 4.10
A B C D E
Si02 94.57 2.19 82.23 4.64 72.03 2.54 63.14 60.30
Ti02 .10 .07 .27 .17 .70 .26 .78 .81
Al 2°3 2.96 1.46 9.92 2.47 12.77 3.14 20.09 23.02
Fe2°3 .29 .14 1 .33 .63 3.14 .87
6.02 6.01
MnO .05 .01 .02 .01 .05 .02 .08 .08
MgO .09 .06 .32 .22 1.81 3.08 2.25 1.87
CaO .06 .04 .73 .74 2.20 1.50 1 .17 .83
Na20 .60 .38 2.54 .87 3.11 1.28 2.24 1.92
k2o 1.13 .80 2.63 .65 3.26 .97 4.07 4.78
P205 .01 .01 .01 .02 .06 .05 .14 .12
Rb 35 22 64 17 84 27 207 206
Sr 27 21 143 72 179 70 165 146
Ba 484 532 653 139 776 318 818 917
Ni 24 24
Y 5 3 13 8 26 8 57 57
Zr 207 150 296 190 698 358 343 310
Nb 2 2 6 4 15 4 19 21
A Mean o f quartzites from E ilde  Flags (12 <inalyses, S i0 2 90%)
(Hickman, 1972)
B Mean o f  psammites from Eilde Flags (34 analyses, S i0 2=75-90%)
(Hickman, 1972)
C Mean o f  semi-psammites from Eilde F lags (24 analyses, S i02=65-75%) 
(Hickman, 1972)
D 'Type' Leven Sch ist (Lambert, et a l . ,  1982, Table 1)
E Leven Sch ist from Glen Roy (Lambert, et a l . ,  1982, Table 1)





































Anderson (1956) equated the im pers is ten t  q u a r tz i te s  at the base o f  
the Monadhliath Schist w ith  the E ild e  q u a r t z i t e  o f  the Lochaber r e g io n ,  so 
lending weight t o  h is  c o r r e la t io n  between the Leven Schist o f  Glen Roy and 
the Monadhliath Sch is t .  I t  i s  worthwhile th e r e fo r e  to  b r i e f l y  compare the 
quartz ite  an a lys is  w ith  analyses o f  the E i ld e  Quartzite from K in loch leven , 
qu artz ites  from the E ilde  F lags and the Glen Coe Q u ar tz ite  (Hickman, 1972) 
(Table 4 . 2 ) .  These comparisons must be ra th e r  t e n ta t iv e  due to  the problem 
of comparing a s in g le  a n a ly s is  w ith  averages (A lbee , 1952).
Sample 101A contains lower concen tra tions  o f  I^O, Rb, Ba, Y and Z r , 
and has a lower Rb/Sr r a t i o  than the E ilde  Q u ar tz i te .  I t  a lso  has h igh e r  
concentrations o f  Sr and Nb, and has higher Ba/Rb, Sr/Y and Nb/Y r a t i o s .  
These d i f f e r e n c e s  are accentuated when th is  sample i s  compared with 
quartz ites  s t r a t i g r a p h ic a l l y  higher in  the Lochaber Subgroup: the Binnein 
and Glen Coe Q u ar tz i tes  which show an in c reas ing  'Da lrad ian ' character  
(Lambert, e t  a l . ,  1981). However q u a r tz i t e s  from the E ilde Flags a l s o  show 
dominantly 'D a lrad ian ' c h a r a c t e r is t i c s  and a re  s i g n i f i c a n t ly  d i f f e r e n t  to  
sample 101A.
The d i f fe r e n c e s  suggest that the q u a r tz i t e  from the C o rr ieya ira ck  
area conta in  a higher r a t i o  o f  fe ld sp a r  to  c la y  minerals compared to  th e  
rocks to  the south. This may be due to  a l e s s  extended transport or 
weathering h is to r y ,  or t o  a d i f f e r e n t  provenance (S ec t ion  2 c ) .  A lthough 
Sample 101A may not be t r u e l y  r ep re sen ta t iv e  o f  the Corr ieya irack  q u a r t z i t e  
on the a v a i la b le  evidence i t  seems u n l ik e ly  that they are e i th e r  chem ica l ly  
or s t r a t ig r a p h ic a l l y  equ iva len t  to  the q u a r tz i t e s  o f  the Lochaber Subgroup. 
The d istance between the two areas exceeds 50 k ilom etres and i s  more than 
s u f f i c ie n t  f o r  the d i f f e r e n c e s  to  be exp la ined  in terms o f  f a c ie s  v a r ia t i o n  
Thus the d i f f e r e n c e  in chemistry does not n e c e s s a r i ly  mean that the 
qu artz ites  cannot be equated s t r a t i g r a p h ic a l l y  but merely suggests th a t  
this i s  l e s s  probable.
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The rocks o f  the Corr ieya irack  area are thought to  form part o f  the 
upper part o f  the Grampian D iv is ion  (P ia seck i & Van Breeman,1979, P ia seck i,  
1980) w ith  the C orr ieya irack  Succession underly ing the Dalradian Lochaber 
Transit ion  Group w ith  apparent conform ity  (Haselock and W inchester, 1981). 
However, analyses o f  the E ilde  Flags o f  the K in loch leven  area (Hickman, 
1972), bear l i t t l e  resemblance to  e i th e r  o f  the two successions in  the 
Corr ieya irack area (Tab le  9 .1 0 ) .  For example« the rocks o f  the C o r r ie y a ir ­
ack Succession are g e n e ra l ly  much le s s  SiC^ r ic h  than the 'E i ld e  F lags ' in 
which v e ry  few samples have a concentration  o f  SiC^ below 70% and seve ra l  
samples are  above 90%. This may be a r e s u l t  o f  sampling but comparing 
these f ig u r e s  w ith  the Knockchoilum Semi-psammite, in  which on ly  5 samples 
out o f  30 are above 70% SÍO2 and none reach 90%, would in d ica te  that the 
Eilde F lags are cons id erab ly  more quartz r i c h .  For comparit ive purposes 
Hickman's (1972) analyses o f  the E ilde  Flags have been d iv ided  accord ing 
to SÍO2 content in to  th ree  rock types as discussed in  Section  2a s 
Quartz ite , Psammite and Semi-psammite (Table 9 .1 0 ) .  There are no analyses 
o f  s e m i-p e l i te s  or p e l i t e s .
Semi-psammites.
The C orr ieya ira ck  Succession has higher concen tra t ions  o f  MnO, ^2^5* 
Sr and Nb, and lower concentrations o f  Zr, than the E ilde  Flags r e s u l t in g  
in lower K/Rb, Rb/Sr, and higher Sr/Y and CaO/Y r a t i o s .  The G lenshirra  
Succession a lso  has h igher and Nb, and l ° wer Z r , and a lso  h igher Rb,
K2O and Ba, r e s u l t in g  in  s l i g h t l y  lower Rb/Sr, CaO/Y and higher P20 ../Y and 
Sr/Y r a t i o s  but s im i la r  K/Rb r a t i o s .
These d i f f e r e n c e s  suggest that the two successions from the 
Corrieya irack area represen t sediments which had a higher p roportion  o f  
d e t r i t a l  fe ld s p a r  than the E ilde  F lags , poss ib ly  p la g io c la s e  in the case 
o f  the C orr ieya ira ck  Succession (S r )  but a lso  a l k a l i  fe ld sp a r  in  the case 
o f the G lensh irra  Succession (Rb, ^ 0  and Ba). Th is  may be due t o  d i f f e r -
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ences in the weathering h i s t o r y  and d istance from the source area , p a r t i c ­
u la r ly  considering that the two areas are separated by a d is tance in 
excess o f  50 k ilom etres . The d i f f e r e n c e s  in  MnO, P2°5  and Nb may in d ica te  
a d i f f e r e n t  provenance f o r  the  C orr ieya irack  rock s ,  P20,- be inS c o n tr o l le d  
by d e t r i t a l  a p a t i t e  and Nb and Mn by d e t r i t a l  ox id e  phases.
Psammites.
Compared w ith  psammites from the E ild e  F lags , the C orr ieya irack  
Succession psammite has h igh e r  MnO, CaO, Na20, P2 ° 5 '  Sr and Nb' and lower 
A1203> Rb, Ba and s u b s ta n t ia l ly  lower K20. The G lenshirra  Succession has 
s l i g h t l y  higher K^O, P^O^, Ba, Rb, Sr and Nb, and lower Zr concen tra t ions  
but g en e ra l ly  has a com posit ion  v e r y  much c lo s e r  t o  that o f  the E ilde 
Flags than the C orr ieya ira ck  psammite, w ith  v e r y  s im ila r  K/Rb and Rb/Sr 
r a t io s .  These d i f fe r e n c e s  aga in  suggest a h igher p roportion  o f  fe ld s p a r  
in the C orr ieya irack  psammites, w ith  h igher p la g io c la s e  (Na20, CaO, S r )  
in the Corr ieya irack  psammite and h igher a lk a l i  fe ld sp a r  in  the G lensh irra  
Succession (K20, Ba, Rb, S r ) .
Using the c r i t e r i a  o f  Lambert e t  a l .  (1981) rocks from both areas 
have dominantly • Moine• type  ch em is tr ie s ,  a lthough the r a t i o s  g iven  are 
r e a l l y  more app l icab le  to  s e m i - p e l i t i c  l i t h o l o g i e s .  The samples from the 
Corrieyairack area do show d i f f e r e n t  geochem is tr ies  to  the E i ld e  F lags , 
but the d is tance between the ou tcrops , in v o lv in g  the p o s s i b i l i t i e s  o f  
major fa c ie s  v a r ia t io n s ,  means that u n t i l  the in te rven in g  ground has been 
mapped, the p o s s ib i l i t y  tha t  the two areas are s t r a t i g r a p h i c a l l y  equ iv ­
alent cannot be e l im ina ted .
The extent to  which the  d i f f e r e n c e s  in  chem istry between two areas 
can be assigned to  v a r ia t i o n s  w ith in  a s in g le  s t r a t ig r a p h ic  fo rm ation , can 
be assessed to  some extent by comparison o f  analyses o f  the Monadhliath 
Sem i-pelite  along s t r ik e  i
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The Monadhliath S em i-p e l i te  can be traced in  a narrow b e l t ,  in  the 
core o f  the C orr ieya irack  Sync line , from Glen Hoy in  the south, across the 
Corr ieya irack  Pass to  Loch K i l l i n  and Strath Dearn (Chapters 1 & 2 ) .  
Analyses from Loch K i l l i n  and Coignafearn to  the north o f  the C orr ieya irack  
area (Lambert e t  a l . ,  1981) (Table  4 .1 1 )  have h igher A^O ^, TiC^ and K^O 
concentrations and lower ^ £ 0 ,  Sr and Nb, and h igher Rb/Sr and K/Rb r a t i o s .  
This in d ic a te s  a higher p roportion  o f  p la g io c la se  in  the C orr ieya irack  
area, compared w ith  a lk a l i  f e ld s p a r .  The higher ^ 2 0 / ^ 0  r a t i o  suggests 
that the  Monadhliath s e m i-p e l i t e  o f  the C orr ieya irack  area i s  a l i t t l e  
less 'mature* than the s e m i-p e l i t e  to  the northeast , p o ss ib ly  in d ica t in g  
that the  d e t r i t a l  m ater ia l i s  der ived  from a sou ther ly  or w e s te r ly  d i r e c ­
tion.
Hickman (1975) a lso  recorded a southerly  increase  in  fe ld s p a r  content 
in Lochaber Group Q uartz ites  and he a ls o  recorded n o r th e r ly  f lo w in g  cur­
rents suggest ing  a land mass to  the south or west i f  the cu rren ts  represen t 
longshore d r i f t .  The genera l increase in  maturity  o f  the Dalradian o f  the 
Lochaber area compared w ith  rocks lower in  the succession in  the 
Corr ieya irack a rea , suggests an o v e r a l l  t ra n sgress iv e  sequence w ith  a 
southward reced ing  landmass, or p o ss ib ly  a d i f f e r e n t  provenance.
As the metasediments o f  the C orr ieya irack  Pass area have chem istr ies  
c h a ra c te r is t ic  o f  the Moine Assemblage (Lambert e t  a l . ,1 9 8 1 )  and have 
p rev iou s ly  been regarded as part o f  the Moine Assemblage (Johnstone, 1966), 
i t  i s  worthwhile t o  compare the two successions w ith  analyses from the 
three d iv is io n s  o f  the Moine Assemblage north o f  the Great Glen Fault 
(Winchester et a l . ,1 9 8 1 ) .
Many o f  the d i f f e r e n c e s  between the two successions and the three 
d iv is io n s  can be a t t r ib u te d  t o  the v a r ia t io n s  in  proportion  o f  a lk a l i  
fe ld s p a r ,  p la g io c la se  and c la y  m inera ls. These d i f fe r e n c e s  po int to
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TABLE 4.11: ANALYSES OF MONADHLIATH SCHIST, LEWISIAN GNEISS AND MORAR
BASAL PELITE.
A B C D E
Si02 59.20 62.73 64.56 66.72 60.10 8.36
Ti02 .99 .95 .47 .34 .85 .31
a12°3 20.34 19.17
15.74 16.04 17.39 2.83
Fe2°3 7.59* 6.70* 2.53
1.94 6.35*2.93*
FeO 2.00 1.47
MnO .13 .09 .06 .04 .09 .04
MgO 2.97 2.04 2.23 1.44 2.24 1.23
CaO 1.99 1.15 4.50 3.18 2.71 1 .17
Na20 2.43 1.90 4.60 4.90 3.67 1.01
k2o 4.08 4.85 1.15 2.09 4.29 1.86
P2°5 .26 .21 .16 .14 .25 .11
Rb 165 162 13 74 140 87
Sr 302 210 565 580 541 145
Ba 1189 1179 779 713 1207 469
Ni 33 27 37 20 27 31
Y 27 37 8 7 27 13
Cr 48 32 182 112
Zr 189 276 197 193 320 112
Nb 15 16 5 6 11 5
A Monadhliath Sch ist from K i l l in (Lambert, et a l . , 1982
B Monadhliath Sch ist from Coignafearn (Lambert, et a l . ,  1982, Table 1)
C Mean of 154 Lewisian Gneisses from Assynt (Sheraton, et a l . ,  1973, 
Table 4)
D Mean of 39 Lewisian Gneisses from Rhiconlch (Sheraton, et a l. ,  1973, 
Table 4)
E Mean of 28 analyses from Morar Basal Pel ite  (Winchester, pers. comm.)
Total Fe as Fe20g
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s l i g h t l y  d i f f e r e n t  cond it ions  o f  d ep os it ion  and weathering o f  the o r ig in a l  
sediments as would be expected from sediments separated by f a i r l y  consider­
able d is tances . However, some o f  the d i f f e r e n c e s  may ind ica te  v a r ia t io n s  
in provenance, which are more important when con s id e r in g  reg ion a l  s t r a t i ­
graphic c o r r e la t io n s .
P lo ts  o f  K20/Na20 v  Rb/Sr (F ig  4 .15 ) used by Lambert e t  a l .  (1981) 
to d is t in gu ish  between s e m i-p e l i t e s  from the th ree  Moine D iv is ions  and 
the Appin Group o f  the Dalradian, show a genera l increase  in  the 'chemical 
maturity' o f  the sediments from the Morar Basal P e l i t e  to  the E ilde  Schist. 
The mean va lue f o r  s e m i-p e l i t e s  from the C o rr ieya ira ck  Succession p lo ts  
close to  the means fo r  the Morar Basal P e l i t e  and Morar P e l i t e .  Whereas 
the G lenshirra  Succession s e m i-p e l i t e  p lo ts  above the Glenfinnan D iv is ion . 
This may be due to  a h igh a lk a l i  fe ld s p a r  content o f  the G lenshirra  
Succession r a th e r  than an increase in  the m atu rity  o f  the sediment. A 
sim ilar r e la t io n s h ip  can be seen on a p lo t  o f  Rb/Sr aga inst CaO (F ig  4 .1 5 )  
(Lambert e t  a l . ,1 9 8 1 )  and in  a p lo t  o f  Sr/Y w ith  SiC>2 (F ig  4 .1 6 ) ,  where 
both successions p lo t  in  the f i e l d  occupied by the Morar and Glenfinnan 
D iv is ion s .
S em i-p e l i te s  from the C orr ieya ira ck  Succession have higher concen­
tra t ions  o f  MnO, Ni and Nb, and lower concen tra t ions  o f  Cr and Zr than 
the Morar P e l i t e s  (Table  4 .1 2 )  but otherw ise have v e r y  s im i la r  chem istr ies . 
The d i f f e r e n c e s  in  these t ra ce  elements may r e f l e c t  e i th e r  a source contro l 
or d i f fe r e n c e s  in  sedimentary environment r e s u l t in g  in  d i f f e r e n t  degrees 
of adsorption o f  the t ra ce  elements by the c la y  m inera ls presen t.
The G lensh irra  Succession i s  a lso  f a i r l y  s im i la r  in  composition to 
the Morar D iv is io n  (Tab le  4 .12 ) but again the h igher  proportion  o f  o r ig in a l  
a lk a l i  fe ld sp a r  in the G lensh irra  Succession i s  r e f l e c t e d  by higher K^O,
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Figure 4.15» a )  K20/Na20 v .  Rb/Sr, b ) Rb/Sr v. CaO f o r  averages o f  
Moinian s e m i -p e l i t e s ,  Leven S ch is ts ,  C o rr ieya irack  Succession and 








F igure  4.16: S i0 2 v. Sr/Y. Dashed l in e  rep resen ts  approximate boundary 
of B asa l  Morar P e l i t e  com posit ional f i e l d  (below l i n e ) ,  from Winchester,  
et a l .  (1981 ). C o rr ieya irack  Succession  ( • ) ,  G len sh ir ra  Succession ( x ) .
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TABLE 4.12
A B C D E F
Si02 75.52 62.68 60.34 4.52 77.35 4.79 64.70 5.49 78.73 6.48
Ti02 .61 .94 1.08 .20 .61 .39 1.04 .31 .49 .26
A12°3 11.44 17.12 18.80 2.54 11.06 2.73 16.10 3.39 10.76 2.95
Fe2°3 3.03 6.62 7.50 1.33 3.12 1.12 5.79 2.11 2.25 1.15
MnO .06 .09 .10 .02 .07 .03 .10 .04 .06 .05
MgO .79 2.14 2.36 .41 .88 .41 1.82 .78 .67 .41
CaO 1.31 2.38 1.77 .87 1 .56 .87 2.27 .76 1.73 .99
Na20 2.34 2.92 2.51 1 .35 2.43 .81 2.73 1.04 2.63 1.08
OC\J 4.01 3.67 4.69 1 .56 2.39 1 .22 4.57 1.70 2.45 1.02
P2°5 .14 .28 .23 .10 .10 .07 .23 .15 .08 .07
Rb 124 138 173 52 66 33 184 79 93 39
Sr 300 396 296 154 290 127 287 106 250 105
Ba 895 949 1035 352 628 124 991 351 594 335
Ni 8 22 30 8 15 6 20 9 9 7
Y 20 37 40 9 21 13 51 16 29 15
Cr 116 175 74 42 30 28 55 21 24 10
Zr 289 303 260 103 273 124 500 209 374 323
Nb 10 15 20 4 13 5 23 3 14 6
A Mean of 68 analyses of Morar Psammite (Winchester, pers. comm.)
B Mean of 55 analyses o f Morar Pel ite , excluding Basal Pel ite  (Winchester,
pers. comm.)
C Mean of 22 analyses of Glenfinnan pe lites (Winchester et a l . ,1981)
D Mean of 16 analyses of Glenfinnan psammites (Winchester et a l . ,  1981)
E Mean of 6 analyses of Loch E il pe lites (Winchester et a l . ,  1981)
F Mean of 31 analyses of Loch E i l  psammites (Winchester et a l . ,  1981)
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has lower CaO/Y and Sr/Y in  the s e m i-p e l i t e s  in d ica t in g  e i th e r  a higher 
proportion  o f  o r i g in a l  c la y  m inerals or the r e l a t i v e  lack o f  p la g io c la s e ,  
and higher MnO, MgO, Ni and Nb po ss ib ly  r e f l e c t i n g  a more basic source, or 
more rap id  d ep os it io n ,  r e ta in in g  a higher proport ion  o f  the r e l a t i v e l y  
unstable mafic minerals in  the sediment.
The C orr ieya ira ck  Succession rocks a ls o  appear to  have had a higher 
proportion o f  fe ld s p a r ,  p a r t i c u la r l y  p la g io c la s e ,  to  c la y  m inerals than 
the Glenfinnan D iv is ion  (Tab le  4 .12 ) w ith  lower concentrations o f  ^ 0 ,  
higher Sr/Rb, CaO/Y, Sr/Y r a t i o s  and lower ^ 0/ ^ 20 , K/Rb, Ba/Rb r a t i o s .
The G lenshirra  Succession in  co n tra s t ,  i s  v e r y  s im ila r  in  composition to  
the Glenfinnan D iv is ion ,  apart from a higher K^O concen tra t ion . This i s  
a ttr ib u ted  to  higher a l k a l i  fe ld sp a r  in  the o r i g in a l  sediment e i th e r  due 
to a d i f f e r e n t  provenance or due to  d i f f e r i n g  weathering and transport 
h i s t o r i e s .
Compared w ith  the Loch E i l  D iv is ion  (Tab le  4 .12 ) the chemistry 
in d ica tes  that both successions are s l i g h t l y  l e s s  'm a tu re ' ,  w ith  a higher 
proportion  o f  fe ld sp a r  to  c la y  m inera ls . A l l  rock types from both succes­
sions have a h igher Sr/Y r a t i o .  The C orr ieya irack  Succession has higher 
K/Rb, Ba/Rb and CaO/Y r a t i o s ,  and lower Rb/Sr and K/Na r a t i o s ,  w h ils t  
the G lenshirra  Succession has higher K/Na and lower CaO/Sr in  both rock 
types , and higher K/Rb, Ba/Rb and Ca/Y in the psammitic l i t h o l o g i e s .
The metasediments o f  the C orr ieya irack  Pass area, th e r e fo r e  seem to  
be more comparable in  composition w ith  the Morar and Glenfinnan D iv is ions  
than the Loch E i l  D iv is io n ,  but in  view  that th is  i s  a r e s u l t  o f  the com­
parison o f  mean va lues o f  small numbers o f  samples, which may not be t ru ly  
r ep re s e n ta t iv e ,  and a lso  the d i f f e r e n t  s t ru c tu ra l  and metamorphic h is t o r ie s  
o f  the three d iv is io n s ,  no s t ra t ig ra p h ic  c o r r e la t io n s  can be assumed and 
the geochemistry can on ly  in d ica te  s im i l a r i t i e s  in sediment type ra ther
than suggesting that any o f  the rock groups are equ iva len t
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3. BIOTITE CHEMISTRY AND OTHER MINERALOGICAL VARIATIONS
The study o f  the m inera logy o f  the metasediments from the 
Corrieya irack area revea led  the presence o f  two con trast ing  types o f  
b io t i t e .  Those from the C orr ieya irack  Succession are c h a r a c t e r i s t i c a l l y  
p leochro ic  from red brown to  straw ye l low , whist those from the G lenshirra 
Succession are p leoch ro ic  from o l i v e  green to  dark green (Chapter 3 ) .
As these d i f fe r e n c e s  were consis ten t between the successions a 
se lec t ion  o f  the b i o t i t e s  were separated and analysed, in  an attempt to  
explain the v a r ia t io n  in  terms o f  the chemistry o f  the b i o t i t e s  and to  
re la te  t h i s  to  the whole rock composition.
Twelve samples were analysed ! f i v e  samples o f  green b i o t i t e  from the 
Glenshirra Succession, three samples o f  red b i o t i t e  from the 'm igm a t it ic '  
Coire nan Laogh Sem i-pe l i te  and four samples from the r e s t  o f  the 
Corrieyairack Succession. The b i o t i t e s  were analysed by wet chemical 
techniques fo r  ten  major elements (d e t a i l s  o f  separation and a n a ly t ic a l  
techniques can be found in Appendix A ).  The s truc tu ra l formulae were 
ca lcu la ted  on the basis o f  22 oxygens (Barth , 1952) as f lu o r in e  was not 
determined and H2O was approximated from the lo ss  on i g n i t i o n  (Table 4 .1 3 ).
The p r in c ip a l  d i f f e r e n c e  in  chemistry between the b i o t i t e s  from the 
two successions i s  the o x id a t io n  s ta te  o f  the iron .  The g reen  b i o t i t e s  o f  
the Glenshirra  Succession have a higher r a t i o  o f  Fe202/Fe0 than the red 
b io t i t e s  o f  the Corr ieya irack  Succession. The b i o t i t e s  f r o n  the Coire nan 
Laogh 'M ig m a t i t ic '  S em i-p e l i te  appear to  be t ra n s i t io n a l  between the two 
successions with interm ed iate  va lu es  fo r  Fe2®3/FeO although they  are 
c loser t o  the Corr ieya irack  type and r e ta in  the red brown co lou r  charac­
t e r i s t i c  o f  the Corr ieya irack  Succession. The t o t a l  iron  content i s  




























TABLE 4.13: ANALYSES OF BIOTITES.
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■  Glenshirra Succession











Figure 4.17» a) Fe O t o t a l  v . Fe O , b ) TiO v . MnO f o r  b i o t i t e s
2 3 2 3 2
from the C o rr ie y a ira ck  Pass a rea .
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The G lensh irra  b i o t i t e s  a lso  have higher concentra tions o f  MnO and 
K20 (F ig  4.17 & 4.18). TiO^ concen tra t ions  are v a r ia b le  but there i s  no 
consis ten t  d i f f e r e n c e  between the two successions. There is  a lso  no d i f ­
f e r e n t ia t io n  between the successions on the bas is  o f  A1203 and MgO conc- 
cen tra t ions  (F ig  4 .19 ).
Many attempts have been made t o  r e la t e  the co lou r  o f  b i o t i t e s  to 
th e ir  chemistry and environment o f  fo rm ation . T i l l e y  (1926) and Hanker 
(1932) r e la t e d  the brownish co lour t o  high FeO and Grout (1924) stated 
that Fe2C>3 produced a green ish  t in g e .  Hall (1941) considered  that the 
colour o f  the b i o t i t e  depended on TiC>2 , t o t a l  Fe and MgO, the T i02 prod­
ucing a redd ish  t in g e  which i s  d i lu te d  by MgO, and the green co lour a 
re su lt  o f  high t o t a l  iron . Hayama (1959) a lso  thought that the b i o t i t e  
co lour depends mainly on T i0 2 and the r a t i o  Fe2°3  to  t o t a l  Fe. Engel and 
Engel (1960) recogn ised  a systematic change in  co lour from 'g reen ish  
brown' through 'r ed d ish  brown' to  'deep reddish  b lack ' w ith  increas ing  
metamorphic grade. They thought t h i s  was due to  the r a t i o s  T i02 : MgO 1 
t o ta l  Fe , w ith  MgO again a c t in g  as a d i lu t in g  agent t o  the co lour e f f e c t s  
o f  Fe and T i0 2 » They in d ica ted ,  however, that the composition o f  the 
b i o t i t e s  was c l e a r l y  r e la te d  to  the nature o f  the o ther  ferromagnesium 
minerals present and the whole rock chemistry as w e l l  as the metamorphic 
grade. They noted many examples o f  a change in  co lou r  o f  the b i o t i t e s  
from green ish  brown to  red or redd ish  brown w ith  p rog ress iv e  metamorphism 
and the appearance o f  almandine ga rn e t ,  where p a r t i t i o n in g  o f  Fe and Mg 
between garnet and b io t i t e  r e s u l t s  in  a decrease o f  Fe in  the b i o t i t e s  
r e l a t i v e  to  MgO and T i02 *
2+ 3+
Decreasing Fe , MnO and Fe and Fe203/ to ta l  F e , increas ing  T i02 
and MgO, and in creas ing  su b s t itu t ion  o f  A l3+ fo r  S i^ *  have a lso  been cor­
r e la te d  w ith  increas ing  metamorphic grade (Lambert, 1 9 5 9 , Hayama,1 9 5 9 ,  
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Figure  4.19: a) MgO v .  FeO, b )  v * Fe°  f o r  b io t l t e s (K e y  as fo r
f i g u r e  4 .1 7 )
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The d is cu ss ion  o f  the o r i g in  o f  the va r iou s  co lour changes i s  compli­
cated by the s u b j e c t i v i t y  o f  co lou r  es t im a tion  and by the la rg e  changes in 
l ig h t  abso rp t ion  caused by minor amounts o f  elements e x is t in g  in more than 
one va lency s t a t e .  An i n i t i a l  exp lanation  based on these studies might 
suggest that the b i o t i t e s  from the G lenshirra  Succession are green-brown 
in co lour due to  th e i r  Fe203/Fe0 r a t i o ,  and t h is  was a r e s u l t  o f  the lower 
metamorphic grade o f  the succession compared w ith  rocks o f  the 
Corr ieya irack  Succession. At f i r s t  glance th is  hypothesis would f i t  in 
with the absence o f  garnet in  the G lenshirra Succession and i t s  presence 
in the C o rr ieya ira ck  Succession (Chapter 3 ) .
However, the two successions were juxtaposed e a r ly  in  th e i r  s tru c­
tura l and metamorphic h is to r y  (Chapter 5) and p e l i t e s  from both succes­
sions con ta in  kyanite as an e a r l y  phase (Chapter 3 ) .  Th is ,  toge ther  with 
the presence o f  la te  f i b r o l i t e  in  p e l i t e s  from the G lenshirra  Succession 
nucleating on green b i o t i t e  w ith  no in d ica t io n  o f  non—equ il ib r iu m , suggests 
that a d i f f e r e n c e  in  metamorphic grade, causing a d i f f e r e n c e  in  the ox id ­
ation  sta te  o f  the Fe in  the b i o t i t e s ,  i s  not the exp lanation  fo r  the 
colour v a r i a t i o n .
I f  th e re  i s  a v a r ia t io n  in  metamorphic grade across the area , the 
presence o f  bytow n ite  and pyroxene in  c a l c - s i l i c a t e  bands in  the Creag 
Mhor Psammite would in d ica te  tha t  there i s  a s l i g h t  increase in  grade to 
the southeast (Chapter 6 ) ,  the area occupied by the G lenshirra  Succession. 
Figure 4.20 shows a p lo t  o f  t o t a l  Fe v Ti02/Mg0 and demonstrated that 
there i s  no sys tem atic  change in  these r a t io s  between the successions.
Figure 4.20 shows that the co lou r  o f  the b i o t i t e s  i s  not r e la te d  to  the 
te t ra h e d ra l ly  co -ord ina ted  A l3+ or T i02 , used as in d ica to rs  o f  metamorphic 
grade. MnO i s  the on ly  in d ic a to r  o f  metamorphic grade which behaves as 
predicted i f  the  G lenshirra  Succession i s  at a lower metamorphic grade 
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Chinner (1960) r e la t e d  the co lour o f  the b i o t i t e  from gneisses in 
Glen Clova to  the opaque phases presen t. Brown b io t i t e  was associa ted  
w ith  haem atite - free  rocks and green b i o t i t e  a ssoc ia ted  w ith  haematite­
bearing rock s . The green co lour was exp la ined  by a high Fe2° 3/Fe0 r a t i o ,  
although the major composit iona l change in  the b i o t i t e s  was found in  the 
r a t i o  MgO x 100 / MgO + FeO.
These v a r ia t io n s  he in te rp re ted  in  terms o f  the whole rock ox idat ion
O.R. = mol 2Fe20  ^ x 100 
2Fe203 + FeO
Rocks w ith  a low O.R. contained i lm en ite -m agn et ite  assemblages and red - 
brown b io t i t e ,  and rocks o f  high O.R. contained m agnetite-haematite assemb­
lages  and green b i o t i t e .
Chinner found a c lo se  c o r r e la t io n  between To ta l Fe as Fe^O^ in 
b i o t i t e s  and the O.R. o f  the whole rock , and suggested that the va r ia t io n s  
in O.R. were a r e s u l t  o f  va ry ing  t o t a l  Fe concen tra t ions . During diagen­
e s i s  a f i x e d  amount o f  Fe was reduced throughtout the sequence, so that a 
lower t o t a l  Fe concentra tion  re su lted  in  a low er O.R.
However, Figure 4.21 shows that there i s  a ve ry  poor c o r r e la t io n  
between t o t a l  Fe and O.R. fo r  the rocks o f  the C orr ieya ira ck  area . Rocks 
o f  the C orr ieya irack  Succession group com para tive ly  c l o s e ly  about O.R. = 20 
(range 14-32) independent o f  t o t a l  Fe, the ex cep t ion  being rocks o f  the 
Coire nan Laogh M igm atit ic  S e m i-p e l i t e ,  where the  v a r ia t io n  i s  p o ss ib ly  
exp la ined  by enhanced f lu id  m igration  and abnormal o x id is in g  condit ions 
during m igm atization . In co n tra s t ,  rocks o f  the G lenshirra Succession, 
show a la rg e  s c a t te r  o f  O.R. w ith  poor c o r r e la t i o n  with t o t a l  Fe, s t r a t i ­
graphic form ation  or d is tance from the major in tru s ion s .
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Figure 4.21* A) Fe20 3 v * Oxidation  R atio , B) MnO v. Oxidation  
Ratio fo r  whole rock , a f t e r  Chinner (1960).
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c o r r e la t io n  between MnO and O.R. in  contrast t o  the p e l i t i c  gne isses  o f  
Glen Clova (F ig  4 .2 1 ) .  Chinner c i t e s  these two c o r r e la t io n s  as supporting 
ev idence fo r  the premetamorphic o r i g in  fo r  the o x id a t io n  r a t i o ,  and that 
in d iv id u a l  la ye rs  were ' c l o s e d '  to  oxygen during subsequent metamorphism; 
a model supported by Pe ike rt  (1963 ) who in v e s t ig a te d  b i o t i t e  v a r ia t io n  in 
g r a n i t i c  rocks.
Comparison o f  the averages  f o r  the va r iou s  rock types  from the two 
successions do however show th a t  the G lensh irra  Succession tends to  have 
a higher Fe^O^/FeO r a t i o  than the C o rr ieya ira ck  Succession and t h is  is  
a lso  shown on a p lo t  o f  ^ 2°3  v  Fe0 4 .1 1 ) .
As w ith  the p e l i t i c  gn e is se s  from Glen C lova, the G lensh irra  Succes­
sion rocks conta in  haematite and magnetite and green b i o t i t e ,  whereas the 
rocks from the C orr ieya irack  Succession lack  haematite but conta in  g ra p h ite .  
The presence o f  graph ite  under normal cond it ions  o f  metamorphism leads to  
a low oxygen pressure, w i l l  keep Fe^O^ low and s t a b i l i z e  m inera ls such as 
almandine whose ex is tence  depends on low oxygen fu g a c i t y  (M u lle r  and 
Schneider, 1971).
The o r ig in a l  carbon content o f  the sediment i s  r e l a t e d  to  processes
p r e v a i l in g  during d iagenes is  and metamorphism. Graphite form ation  s ta r ts
on ly  above 200°C and r e s u l t s  in  the CC  ^ p a r t ia l  pressure making up a
considerab le  po rt ion  o f  the t o t a l  pressure . At low grades o f  metamorphism
oxygen fu g a c i ty  decreases w ith  in c reas in g  pressure and temperature.
Haematite and magnetite r e s u l t  from high oxygen p a r t ia l  pressure , but as
soon as the temperature i s  h igh  enough to  permit the r e a c t io n  between
graph ite  and the f lu id  phase, the p a r t i a l  pressure o f  oxygen drops and the 
2+
a c t i v i t y  o f  Fe increases (M u l le r  and Schneider, 1971).
The v a r ia t io n  in  m inera logy  between the two successions could there-
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fo re  be exp la ined  by the v a r ia t i o n  in  carbon content o f  the o r i g in a l  sed­
iment. The g rap h ite  r ic h  C orr ieya irack  Succession had a low oxygen
2+fu g a c i t y  s t a b i l i z in g  garnet and Fe r i c h ,  red b i o t i t e s ,  and the graphite
f r e e ,  G len sh ir ra  Succession maintained a higher oxygen fu g a c i ty  during
, . 3+metamorphism producing garnet f r e e  rocks w ith  Fe r i c h  green b i o t i t e s .
However, many o f  the C orr ieya irack  semi-psammites do not contain
graph ite  but s t i l l  have r ed  brown b i o t i t e s  in d ic a t in g  low oxygen fu g a c i ty
and o c c a s io n a l ly  contain ga rn e t .  The whole rock composition must be the
determin ing fa c t o r  in  garnet  form ation  and the presence or absence o f  
, 2+
garnet may in  turn e f f e c t  the Fe content o f  the b i o t i t e .
Sen ior  and Leake (1978 ) d iscussed the v a r ia t io n s  in chemistry
between ga rn e t i fe ro u s  and non -ga rnet i fe rous  p e l i t e s  from Connemara. The
ga rn e t i fe rou s  p e l i t e s  were s i g n i f i c a n t l y  higher in  FeO (7.33 c f .5 .49% ),
CaO (1 .6 3  c f .1 .0 2 % ),  MnO (0 .18  c f .0 .12 % ) and poorer i n  Fe203 (1.98 c f .3 .0 1 )
and K20 (3 .42 c f .3 .9 2 )  than the non -ga rnet i fe rous  p e l i t e s .  They concluded
that FeO, CaO and MnO are important in  determining the  presence o f  garnet
as th ey  are e s s e n t ia l  c o n s t i tu en ts ,  whereas Fe203 and K20 are absent or
present in  o n ly  small amounts. Jones and Galway (1965 ) s im i la r ly  showed
that th e  t o t a l  content o f  garnet was proport iona l to  the  quan tity  o f  f r e e
fe rrou s  oxide (assuming th e  r ea c t io n  FeO + Fe_0o -*• Fe„0, has gone to
2 3 3 4
com plet ion ) and that the number o f  garnet nu c le i  presen t was proport iona l 
to  K20 and Na2 0 , both o f  which s t a b i l i z e  b i o t i t e .
The h igher  K20 contents  o f  the G lenshirra  Succession would th e re fo re  
s t a b i l i z e  a l k a l i  fe ld spa r  and b i o t i t e ,  and in h ib i t  th e  nucleat ion  o f  
garnet. In th e  absence o f  garnet the MnO present in  the rock would en ter 
the b i o t i t e  and thus ex p la in  the h igher MnO contents in  the b i o t i t e s  from 
the G len sh irra  Succession.
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The v a r ia t io n  in  m inera logy  between the two successions i s  th e re fo re  
thought to  be due to  o r i g in a l  geochemical sedimentary d i f f e r e n c e s .  These 
are p r in c ip a l l y  the o x id is in g  co n d it ion s  o f  the sediment, g raph ite  in  the 
C orr ieya irack  Succession p o s s ib ly  in d ica t in g  anaerobic cond it ions in 
con trast t o  the more o x id is in g  co n d it ion s  in  the G lensh irra  Succession; 
cond it ions that were maintained throughout the metamorphic h is to r y .  The 
presence o f  h igher concen tra t ions  o f  K^O in  the G lensh irra  Succession 
in h ib i t s  garnet fo rm ation , 1^0 was p oss ib ly  present as a lk a l i  fe ldspa r  and 
the more a rk os ic  nature o f  the sediment discussed e a r l i e r  i s  consis ten t 
with the h igher o x id is in g  co n d it ion s .
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4. STATISTICAL ANALYSIS
a . In trodu ct ion
M u lt iv a r ia te  s t a t i s t i c a l  ana lys is  o f  the geochem istry o f  the 
C orr ieya irack  Pass area has been undertaken in  order  to  t e s t  s t a t i s t i c a l l y  
whether geochem istry  can be used to  e f f e c t i v e l y  d iscr im ina te  between the 
two successions and nine form ations recogn ised  in  the f i e l d  (Chapter 2 ) .
The comparison o f  means and standard d e v ia t io n s  and inspec t ion  o f  th e  
two dimensional v a r ia t io n  diagrams undertaken in  the preceding sect ions 
provides some idea o f  the d i f f e r e n c e s  in vo lved  but g iv e s  no in d ica t ion  o f  
whether the d i f f e r e n c e s  between the var ious groups are r e a l  or purely  a 
fo r tu ito u s  e f f e c t  o f  sampling. The problem o f  c lo s u re ,  or the constant 
sum o f  geochemical da ta , may lea d  to  the suppression o f  v a r ia t io n s  between 
populations when data i s  p lo t t e d  on v a r ia t io n  diagrams, p a r t i c u la r ly  where 
r a t io s  o f  elements are p lo t t e d  or on t r ia n g u la r  diagrams (Ska la , 1979).
The dominance o f  SiC^ in  the analyses may a ls o  r e s u l t  in  v a r ia t io n s  o ther  
than those o f  rock type being concealed.
M i l t i v a r i a t e  s t a t i s t i c a l  ana lys is  i s  a more e f f e c t i v e  method o f  
separating popu lations o f  geochemical v a r ia b le s  (S k a la , 1979) and two 
d is t in c t  types  o f  a n a ly s is  have been undertaken» d iscr im inant function  
a n a ly s is ,  in c lud ing  an a ly s is  o f  va r ian ce , and c lu s t e r  a n a ly s is .  The f i r s t  
o f  these methods prov ides  an o b je c t i v e  procedure fo r  determining how 
e f f e c t i v e l y  samples be longing t o  two or more p re v io u s ly  de fined groups can 
be d is t in gu ish ed  from each o th e r ,  by transform ing an o r ig in a l  set o f  v a r ­
ia b le s  in to  a s in g le  d iscr im inant score. The d e r iv ed  discrim inant fu n c t io n  
can then be used to  c l a s s i f y  fu r th e r  samples in to  one or other o f  the groups.
C luster  a n a ly s is ,  in  co n tra s t ,  in v o lv e s  the separation  o f  the samples
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in to  'n a tu ra l groups' without 'a  p r i o r i '  c l a s s i f i c a t i o n  by cons idera t ion  
o f  the d is tance between samples in  multivariate space . In both cases , the 
va r iab les  which are most important in  d is t in gu ish in g  between the groups 
can be recogn ised  and subsequently examined in  t h e i r  g e o lo g ic a l  con tex t .
Most s t a t i s t i c a l  models assume that the v a r ia b le s  under cons id era t ion  
are normally d is tr ib u ted  and s t a t i s t i c a l l y  independent. These cond it ions  
are usua lly  met in cases where there i s  a r e la t i o n s h ip  between samples 
with respect to  th e i r  ca lcu la ted  va r ia b le s  (Q mode) but in  other s itu a t ion s  
emphasis i s  placed on the r e la t io n s h ip  between v a r ia b le s  w ith  resp ec t  to  
the samples (R mode). In th is  case the constant sum nature o f  geochemical 
data destroys the p o te n t ia l  independence o f  the va r ia n ces  and covariances 
upon which elementary c o r r e la t io n  theory  r e s ts  (S k a la ,  1979). For th is  
reason R mode fa c to r  a n a lys is  was not undertaken.
h. P r in c ip le s  o f  Discriminant A n a ly s is .
In d iscrim inant ana lys is  the va r ia b le s  are m athem atica lly  combined, 
in  order t o  f in d  a s in g le  dimension which maximises the d i f f e r e n c e s  between 
the groups, as a l in e a r  combination or d iscr im inant function  o f  the form»
Di = dL-Z.. + di~Z_ + ............ + d i  Z1 1  ¿. £. P P
where Di = the score on the d iscrim inant fu n c t io n  i  
d = w e igh ting  c o e f f i c i e n t s
Z = standardised va lues o f  the p d is c r im in a t in g  v a r ia b le s .
The maximum number o f  functions that can be d e r ived  i s  e i th e r  one le s s  
than the number o f  groups or equal to  the number o f  d is c r im in a t in g  v a r i ­
ables i f  there  are more groups than v a r ia b le s .  The w eighting  c o e f f i c i e n t s  
in a standardised d iscrim inant function  show how much each o f  the va r ia b le s  
contribute to  the o v e r a l l  d is c r im in a t ion .
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Once a set o f  v a r ia b le s  i s  found which prov ides s a t i s f a c t o r y  d iscr im ­
in a t ion  fo r  samples from known groups, a set  o f  c l a s s i f i c a t i o n  fu nctions  
can be derived  which can be used to  c l a s s i f y  unknown samples. Th is  pro­
cedure can a lso  be used as a check o f  the adequacy o f  the  d iscrim inant 
function  by c la s s i fy in g  the o r i g in a l  data set and examining the number o f  
c o r re c t  c la s s i f i c a t i o n s .
More d e ta i le d  d iscu ss ions  o f  d iscr im inant a n a ly s is  can be found in  
Davis (1973), Koch and Link (19 71 ),  Cooley and Lohnes (1962) and Anderson 
(1958 ).
The method assumes th a t  the va r ian ces  w ith in  the groups are equal 
and co r r e la t io n s  between v a r ia b le s  are the same in  each group i e . the 
groups have equal covariance m atr ices .
While the discrim inant fu nction  d e r ived  from a l l  the v a r ia b le s  may 
e f f e c t i v e l y  d is t in gu ish  between groups, i t  does not n e c e s s a r i ly  g iv e  the 
best d is c r im in a t ion ,  since a l l  the v a r ia b le s  may not be needed t o  separate 
the groups. The smaller the number o f  v a r ia b le s  that need to  be studied to  
c l a s s i f y  e f f e c t i v e l y  an unknown sample the b e t te r  ( P o t t e r ,  Shimp and 
W it te r s ,  1963). Moreover, th e  e l im in a t ion  o f  v a r ia b le s  that con tr ibu te  
l i t t l e  to  the d iscr im in a t ion  i s  d es ira b le  since th e i r  presence may d e trac t  
from e f fe c t iv e n e s s  o f  the fu n c t io n s .  Th is commonly i s  because v a r ia b le s  
w ith  a high v a r i a b i l i t y  obsure the in form ation  con tr ib u ted  by those w ith  
low v a r i a b i l i t y .
Discriminant ana lys is  on the metasediments o f  the C o rr ieya ira ck  Pass 
area was performed using the rou t in e s  from the S t a t i s t i c a l  Package fo r  
S oc ia l  Sciences (SPSS Nie e t  a l . ,1 9 7 5 )  a v a i la b le  at the U n iv e rs i ty  o f  
Manchester (UMRCC). This program u t i l i s e s  a stepwise method which s e le c ts  
the optimal combination o f  v a r ia b le s  fo r  the most e f f e c t i v e  d is c r im in a t ion ,
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so e l im in a t in g  va r ia b le s  which do not con tr ibu te  t o  the d iscr im in a t ion .
The use o f  the same data to  d e r ive  the fu nction  and to  t e s t  i t s  
e f f e c t iv e n e s s  in  the c l a s s i f i c a t i o n  phase r e s u l t s  in  an upward bias to  the 
percentage o f  c o r re c t  c l a s s i f i c a t i o n s  (M orrison, 1969, Habbema & Hermans, 
1977). A b e t t e r  method o f  t e s t in g  the e f f i c i e n c y  o f  the d e r iv ed  function  
in v o lv e s  the use o f  part o f  the data to  c a lcu la te  the function  and the r e s t  
o f  the data set  to  t e s t  i t s  e f f i c i e n c y  in  the c l a s s i f i c a t i o n  phase. This 
is  p o s s ib le  in  the S .P .S .S .  program by ass ign ing  random numbers to  the 
samples and s e le c t in g  60% o f  the data fo r  a n a ly s is .
The G lenshirra  Succession i s  represented  by more psammitic rocks 
than th e  C orr ieya irack  Succession, and although th is  shows a d i f f e r e n c e  in 
sediment type or environment o f  d e p o s i t io n ,  i t  does not have any s i g n i f ­
icance in  terms o f  c o r r e la t in g  the two successions. There fore  in  order to  
minimise the e f f e c t s  o f  SiO^ in  the d iscrim inant a n a ly s is ,  the data was 
d iv id ed  in to  two se ts  accord ing t o  rock type . Discriminant a n a ly s is  was 
then performed on three d i f f e r e n t  data set s i
1 . the complete data s e t ,  exc lud ing  rocks fo r  which t ra c e  element
data i s  incomplete (105 samples)
2 . psammites and semi-psammites on ly  (5 7  samples)
3 .  s e m i-p e l i t e s  on ly  (47 samples)
As there are on ly  s ix  s e m i-p e l i t e  samples from the G lenshirra  
Succession i t  was considered that the data set was too  small t o  be d iv ided  
as d esc r ib ed  above and the d iscr im inant function  was der ived  from a l l  the 
s e m i-p e l i t e  samples. S im i la r ly ,  the complete data se ts  were used to 
de r ive  the functions fo r  the nine fo rm ations, due t o  the small number o f  
samples in  some o f  the fo rm ations.
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c . Analys is  o f  Variance.
i . Success ions.
I f  the separation  between the two successions i s  a good one the 
geochemical v a r ia t io n  between the successions should be high compared w ith  
the v a r ia t io n  w ith in  the successions. Th is  i s  t e s ted  by a n a ly s is  o f  
va r ian ce ; f i r s t l y  f o r  each o f  the major and trace  elements and secondly 
f o r  the complete geochemical pa tte rn .
The n u l l  hypothesis* ’ that the means o f  the two successions are the 
same' i s  t e s ted  using the u n iva r ia te  F - r a t io *
F = A where A = v a r ia t io n  w ith in  groups
W W = v a r ia t io n  between groups
with degrees o f  freedom, D f . l  = G—1 where G = No. o f  groups
Df.2 = N-G where N = No. o f  samples
Table 4.15 g iv e s  the F - ra t io s  f o r  the th ree  data s e ts ,  w ith t h e i r  assoc­
ia te d  degrees o f  freedom. These va lues a re  compared w ith  the c r i t i c a l  
va lue from F ta b le s  a t  1% s ig n i f i c a n c e .  I f  the r a t i o  i s  equal to  or above 
the c r i t i c a l  va lue the n u l l  hypothesis can be r e je c t e d  and the d i f f e r e n c e  
between the successions i s  s i g n i f i c a n t  a t  the 1% l e v e l  fo r  in d iv id u a l  
e lem ents.
I t  can be seen that there  are s e v e ra l  s ig n i f i c a n t  d i f f e r e n c e s  between 
the successions and i t  i s  th e re fo r e  worthwhile continuing w ith  the d iscr im ­
inant a n a ly s is .  Among the elements w ith  the la rg e s t  F - r a t io s  are those 
elements which were discussed in  d e t a i l  in  the preceding s e c t io n s ,  p a r t i c ­
u la r l y  K20, Ba, Rb and Y rep resen t in g  the v a r ia t io n s  in  fe ld sp a rs  and c la y  
m inera ls , and Fe2°3  and FeO in d ic a t in g  the v a r ia t io n s  in  o x id a t io n  s ta te .
For the complete geochemical pa tte rn  a m u lt iva r ia te  ex tens ion  o f  the 
^_ r a t ^° i-s used ca l le d  ’ W i lk 's  Lambda' ( X ) .  This can be e a s i l y  transformed
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in to  an F t e s t  to  t e s t  the s ig n i f ic a n c e  o f  the d i f fe r e n c e s  in  the m u lt i ­
v a r ia t e  means.
W i lk 's  Lambda, = where [Wj = w ith in  groups covariance m atrix
I’T ] [ T ] = t o t a l  covariance matrix
The r e le va n t  va lues fo r  W i lk 's  Lambda and the approximate F values a re  
g iven in  Table 4 .15 . The degrees o f  freedom are dependent on the number 
o f  samples.
Some degrees o f  freedom are lo s t  due to  the constra in ts  o f  constant 
sum, t h i s  w i l l  a f f e c t  the va lues o f  Df2 in  Table 4.15. However, s in ce  
la rge  degrees  o f  freedom are in vo lved  th is  w i l l  not a f f e c t  the c r i t i c a l  
F - ra t io s  t o  any g rea t  ex tent (Chayes, 1971).
These t e s t s  aga in  show that there are s ig n i f i c a n t  d i f fe re n c e s  between 
the two successions.
i i . Formations.
The u n iva r ia te  F - ra t io s  t e s t in g  the n u ll  hypothesis ' th a t  the means 
o f  the n ine formations are the same' are presented in  Table 4.17. The 
m u lt iv a r ia te  W i lk 's  Lambda and F - r a t io s  are shown in  Table 4.16.
These show that th ere  are s i g n i f i c a n t  d i f f e r e n c e s  between the fo rm ations 
w ith  Rb, Sr, Ba, 1^0 and Y (rep re sen t in g  the c la y  minerals and f e ld s p a r s )  
and and FeO (rep re sen t in g  the o x id a t ion  s ta te s  o f  the fo rm a t ion s )
having the h ighest r a t i o s .
d . Resu lts  o f  D iscriminant A n a lys is .
i .  Successions.
The standardized d iscr im inant functions  fo r  each o f  the data s e t s  
are presented in Table 4.18 w ith  the r e le va n t  t e s t s  o f  s ig n i f ic a n c e .  For 
both the semi-psammites and psammites , and the s e m i-p e l i t e s , a l l  the
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TABLE 4.15: ANALYSIS OF VARIANCE BETWEEN SUCCESSIONS
A B C
S i0 2 3.97 4.68 12.94
Ti02 0.04 0.03 15.26
a i 2o3 3.29 1.33 1.98
Fe2°3 6.94 5.63 14.89
FeO 20.34 41.36 3.74
MnO 4.49 12.51 13.45
MgO 9.63 16.32 15.17
CaO 9.15 6.50 2.75
Na20 2.33 1.38 6.03
k2o 21.98 16.96 23.57
p2°5 12.01 11.11 0.12
Rb 0.47 0.16 25.80
Sr 0.13 0.42 1.45
Ba 21.85 21.81 4.72
Ni 0.22 0.01 15.91
Y 19.87 30.40 0.11
Cr 4.52 15.44 28.56
Zr 0.23 0.55 3.39
Nb 0.97 0.00 0.49
D f.l 1 1 1
Df.2 103 55 45






A: A ll samples (105)
B: Psammites and Semi-psammites (57) 
C: Sem i-pelites (47)
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TABLE 4.16a: MULTIVARIATE ANALYSIS OF VARIANCE BETWEEN SUCCESSIONS.
W ilk 's  Lambda Approx. F Ratio D f. l. Df.2 C r it .  F Ratio
at 1% sign.
All samples 0.26 14.34 17 87 2.35
Psammites and 
Semi-psammi tes
0.16 11.411 18 38 2.70
Semi-peli tes 0.13 9.78 19 27 2.78
TABLE 4.16b: MULTIVARIATE ANALYSIS OF VARIANCE BETWEEN FORMATIONS.










Df.2  C r it .  F Ratio 





TABLE 4 .1 7 :  ANALYSIS OF VARIANCE BETWEEN FORMATIONS.







T i 0 2 3 .6 0 4 .9 8 3 .1 7
a i 2o3 3 .35 3 .61 1 .44
F e2° 3 4 .2 3 3 .6 9 4 .9 5
FeO 3 .42 6 .0 6 1 .36
MnO 1.16 6 .1 4 2.41
MgO 2 .8 9 3 .8 8 6 .4 9
CaO 2 .4 5 2 .0 7 2.71
Na20 2 .1 9 1 .9 2 3 .8 7
k2o 3 .6 6 3 .3 3 8 .5 5
P2°5 2 .8 9 3 .6 3 0 .9 9
Rb 2 .0 9 1 .4 9 17 .16
S r 11.91 1 6 .2 8 3 .4 8
Ba 6 .7 8 7 .8 0 4 .9 5
Ni 3.31 2 .1 9 7 .9 5
Y 3 .6 5 5 .6 2 1 .05
Cr 1 .8 8 3 .3 8 6 .3 2
Z r 2.21 1 .4 6 1 .85
Nb 0 .8 8 1 .6 3 0 .4 8
D f . l 8 8 6
D f .2 96 48 40
C r i t .  F 
a t  1% s i g .
2 .8 2 2 .9 9 3 .2 9
A : A l l  sam p les  B: Psam m ites  and Sem i-psam m ites  
C: S e m i - p e l i t e s
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TABLE 4.18: STANDARDIZED DISCRIMINANT FUNCTION COEFFICIENTS FOR 
DISCRIMINATION BETWEEN SUCCESSIONS.
A B C
S i0 2 -5.26 4.54 0.37
Ti02 0.54 0.50 1.44
A12°3 -2.18 3.21 -1.36
Fe2°3 -1.50 1.15 -0.19
FeO -2.20 0.85 -0.71
MnO -0.29 -0.68 0.57
MgO 0.61 -0.19 0.36
CaO -0.30 1.21 -0.83
Na20 -0.28 0.28 0.83
k2o -3.43 -0.95 1.39
P2°5 0.43 -1.10 0.07
Rb 1.12 1 .21 1.42
S r -0.45 0.28 0.49
Ba -0.17 -2.36 -0.88
Ni -0.26 -0.71 0.13
Y 0.32 1.71 -0.75
Cr - 3.13 1.47
Zr -0.52 -1.51 -0.13
Nb -0.12 0.08 -0.12




W llk 's  Lambda 0.228 0.081 0.127
82.828 64.146 73.298
Df. 18 19 19
S ign ifican ce 0.000 0.000 0.000
A: A ll samples. B: Psammites and Semi -psammi te s .
IIS
elements were included in  the a n a ly s is  and considered to  contr ibute to  the 
o v e ra l l  d is c r im in a t io n ,  but when consider ing  a l l  the rock types together 
Cr i s  considered to  be unimportant.
In a l l  cases the stepwise method o f  a n a ly s is  se lec ted  used the W i lk 's  
Lambda c r i t e r i a  f o r  en try  o f  an element in to  the a n a ly s is .  This method 
in vo lves  a m u lt iv a r ia te  F - r a t io  f o r  the t e s t  o f  d i f f e r e n c e s  between the 
group c e n tro id s .  The element which maximises the F - ra t io  minimises W i lk 's  
Lambda. This t e s t  takes in to  co n s id e ra t ion  the d i f f e r e n c e s  between the 
group cen tro ids  and the homogeneity o f  the groups. Other s e le c t io n  methods 
eg. Kao's V s t a t i s t i c  and Mahalaonbis d is tance were t r i e d  and gave very  
s im ila r  r e s u l t s .
As each element i s  en tered  in to  the a n a ly s is  two measures o f  the 
o v e r a l l  s epa ra t ion , based on the elements in  the equation  at th is  po in t,  
are g iv e n :  the f i r s t  i s  W i lk 's  Lambda and the second Rao's V, both with 
te s ts  o f  s i g n i f i c a n c e .  The sequence in  which elements are se lec ted  i s  not 
n e c e s sa r i ly  the same as th e i r  r e l a t i v e  importance as d is c r im in a to rs .  Th is  
i s  g iven  by the w e igh t ing  fo r  each element in  the f i n a l  standardised 
d iscrim inant fu n c t ion .
Only one d iscr im inant fu n c t io n  i s  de r ived  when consider ing  the d i f ­
fe rences between the two successions (max. no. o f  d iscr im inant functions 
= G - l ) .  The s ig n i f i c a n c e  or importance o f  the fu nc t ion  i s  tes ted  in 
seve ra l  d i f f e r e n t  ways. The e ig en va lu es  are a measure o f  the t o t a l  v a r i ­
ance e x is t in g  in  the d is c r im in a t in g  va r ia b le s  and when expressed as a 
percentage o f  the t o t a l  g iv e s  an easy re fe ren ce  t o  the r e l a t i v e  importance 
o f  the fu n c t ion . The canon ica l c o r r e la t io n  i s  a measure o f  how c lo s e ly  
the fu n c t ion  and the 'group v a r ia b le s '  are r e l a t e d ,  another measure o f  
the functions a b i l i t y  to  d is c r im in a te  between the groups. W i lk 's  Lambda, 
in th is  in s tance , i s  an in verse  measure o f  the d is c r im in a t in g  power o f  the
116
o r ig in a l  v a r ia b le s  which has not yet been removed by the d iscrim inant 
function  i e . the la rg e r  Lambda the le s s  in formation remains, Chi-squared 
is  a t e s t  o f  the s t a t i s t i c a l  s ign i f ic a n c e  o f  the fu n c t ion *
in  the c l a s s i f i c a t i o n  phase the p r io r  p r o b a b i l i t y  o f  group member­
ship under the Baye*s dec is ion  ru le  (N ie ,  e t  a l . ,1 9 7 5 )  was determined by 
the s iz e  o f  the groups. The r e s u l t s  o f  c l a s s i f i c a t i o n  a re  g iven  in 
Table 4.19.
Fa ilu re  t o  subdivide the s em i-p e l i te  data set in t o  two r e s u l t s  in 
an upward b ias t o  the c l a s s i f i c a t i o n  success ra te  (M o rr is o n ,1969, Habberna 
and Hermans,1977 ),  so that the 100/£ co rrec t  c l a s s i f i c a t i o n  i s  spurious, 
p a r t ic u la r ly  in  v iew  o f  the small number o f  samples in  the G lenshirra  
Succession.
Resu lts « Complete data s e t ,  a l l  rock types.
As expected  SiC^ has the la rg e s t  weighting c o e f f i c i e n t  w ith in  the 
discrim inant fu n c t ion  (Table 4 .1 8 ) ,  in d ica t in g  the more psammitic nature 
o f  the G lensh irra  Succession. The v a r ia t io n  in fe ld s p a r s  and c la y  mineral 
proportions ou t l in ed  in  Sect ion  2 i s  supported by the importance o f  K20 , 
A I2O3 and Rb in  the function . FeO and F e ^ ^  are a ls o  important in  the 
function  in d ic a t i v e  o f  the d i f fe r e n c e s  in  ox ida t ion  s ta te  o f  the o r ig in a l  
sediments (S e c t io n  3 ) .  Figure 4.22 shows a p lo t  o f  the d iscr im inant 
scores fo r  a l l  the samples g iv in g  a v isu a l  in d ica t io n  o f  the separation  
between the successions. Only four samples p lot w ith  the wrong succession 
and c l e a r l y  separation  by the function  i s  ve ry  e f f e c t i v e .
Psammites and semi-psammites.
Again S i02 i s  the most h e a v i ly  weighted in the standard ized  d iscr im ­
inant fu nc tion , as an e f f e c t  o f  the dominance o f  semi—psammites in  the 












TABLE 4.19: RESULTS OF CLASSIFICATION PHASE: SUCCESSIONS.
A B C
Total no. o f 
samples
105 55 47
No. of samples 
c la s s if ie d
38 20 47
% correct 95 80 100
X2 30.42 7.20 47
Si gni f i canee 0.00 0.01 0.00
C o rr ieyai rack
Successi on
Correct 30 12 41
Incorrect 1 2 0
Glenshi rra
Succession
Correct 6 4 6
Incorrect 1 2 0
A: A ll samples. B: Psammites and Semi-psarrmi te s . 
C: Sem i-p e lites
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in  fe ldspar  and Cr p o ss ib ly  in d ica te s  a v a r ia t io n  in  provenance. Separation 
o f  the two successions i s  again v e r y  e f f e c t i v e  a long the d iscrim inant 
function  (F i g  4 .2 2 ) .
S e m i-p e l i t e s .
The v a r ia t i o n  o f  Si02 between the s e m i-p e l i t i c  l i t h o l o g i e s  o f  each 
succession i s  much smaller than between the other rock  types and SiC>2 i s  
th e re fo r e  not as h e a v i ly  weighted in  the d iscr im inant fu n c t ion . The high 
w eightings o f  Cr and TiC>2 p o s s ib ly  r e f l e c t s  the e f f e c t s  o f  heavy d e t r i t a l  
m inera ls in  turn r e f l e c t i n g  v a r ia t io n s  in  sediment provenance. K20, Rb, 
A12 ° 3 '  Ba and Y are a6a in  im portan t, in d ic a t iv e  o f  the c la y  mineral and 
fe ld sp a r  v a r ia t io n s .  The separat ion  between the successions appears to  
be extrem ely  good (F ig  4.22 )  but th is  i s  probably an e f f e c t  o f  the small 
number o f  samples in  the G lensh irra  Succession. (To  be com p le te ly  s a t i s ­
fa c t o r y  75 samples are needed in  each group f o r  8 v a r ia b le s  (P e a rc e ,1976) 
although t h is  i s  v e ry  r a r e l y  p o s s ib l e . )
i i . Formations.
Despite there being s e ve ra l  s ig n i f i c a n t  d i f fe r e n c e s  in  the means f o r  
each fo rm ation , ind ica ted  by the u n iva r ia te  F - ra t io s  (Table 4 .1 7 )  and in  
the m u lt iva r ia te  means (Tab le  4 .1 6 ) ,  the lack o f  s u f f i c i e n t  data fo r  some 
o f  the form ations makes the d iscr im inant ana lys is  somewhat a r t i f i c i a l .
Attempts to  d iv id e  the data in to  a c l a s s i f i c a t i o n  or t e s t  set and 
a s e t  to d e r iv e  the fu n c t ion ,  r e s u l ted  in  a v e ry  poor success ra te  in  the 
c l a s s i f i c a t i o n  phase (41% co rre c t  fo r  a l l  rock types and 50% co rrec t  f o r  
the psammites and semi-psammites) .  This i s  because the number o f  samples 
in  each fo rm ation  i s  in s u f f i c i e n t  to  de f in e  the v a r ia t io n  w ith in  each 
fo rm ation . However, in  a l l  three analyses v e r y  few o f  the samples were 
wrong ly  c l a s s i f i e d  across the successions (Tab le  4 .2 0 ) .
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TABLE 4.20
Total no. o f  
samples




Si gni f i  cance
: RESULTS OF CLASSIFICATION PHASE: FORMATIONS.






105 38 57 19 47
71.4 42.1 93.0 50.0 95.7
386.8 36.9 386.8 30.6 254.7
0.00 0.00 0.00 0.00 0.00
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Using the complete data s e t s  fo r  the d e r iva t io n  o f  the d iscrim inant 
function  and fo r  the c l a s s i f i c a t i o n  resu lted  in  an improvement in the 
percentage c o r r e c t l y  c l a s s i f i e d  but th is  i s  probably due to  th e  upward 
bias discussed e a r l i e r  (M o rr is on ,1969, Habbema and Hermans,1977 ). As the 
f i r s t  three d iscrim inant fu n c t ion s  are s ig n i f i c a n t  at the 1Z l e v e l ,  i t  
appears that the in d iv idu a l form ations could have been d is t in gu ish ed  had 
there been more samples. The r e s u l t s  o f  the analyses are g iv e n  in Tables 
4.20 and 4 .21 . Figure 4.23 shows the separation o f  the form ations based 
on the f i r s t  two d iscrim inant scores  fo r  a l l  rock types.
The S .P .S .S .  Discriminant Analys is  program a lso  p r in ts  a matrix o f  
F -ra t io s  as a t e s t  o f  the s ig n i f i c a n c e  o f  the Mahalanobis d is tance  between 
each o f  the group cen tro ids  (T a b le  4 .2 2 ) .  These matrices in d ic a te  that 
severa l o f  the groups are separated s u f f i c i e n t l y  to  be d is t in gu ish ed  at 
the 1% s ig n i f ic a n c e  l e v e l ,  but the  remainder are too  c lo s e .  G enera lly  a l l  
formations in  the C orr ieya irack  Succession are d is t in c t  from those o f  the 
G lensh irra . As expected the Gairbeinn Pebbly Semi-psammite i s  p a r t i c u la r ly  
d i s t in c t i v e  and can be d is t in gu ish ed  from a l l  the other fo rm ations.
S em i-p e l i te s  from the T a r f f  Gorge are not d is t in gu ish a b le  at the 1% 
s ign i f ic a n ce  l e v e l  from s e m i-p e l i t e s  from the Monadhliath S em i-p e l i te  or 
the Coire nan Laogh Semi—p e l i t e .  The Monadhliath Semi—p e l i t e  i s  however 
s i g n i f i c a n t l y  d is t in c t  from the Coire nan Laogh S em i-p e l i te ,  supporting 
the f i e l d  ev idence that the two formations are not s t r a t ig r a p h ic a l l y  
e q u iva len t .
The d iscr im inant an a lys is  o f  the metasediments th e re fo r e  re v ea ls  
that the d i f f e r e n c e s  between the Glenshirra and C orr ieya irack  Successions 
are s t a t i s t i c a l l y  s ig n i f i c a n t  and the der ived  discriminant fu nction s  fo r  
psammitic and semi-psammitic rocks  and fo r  a l l  the rock types together  may 
be usefu l in  c la s s i f y in g  unknown samples in to  one o f  the two successions.











TABLE 4.21: STANDARDIZED DISCRIMINANT FUNCTION COEFFICIENTS FOR FIRST 
THREE FUNCTIONS, DISCRIMINATION BETWEEN FORMATIONS.
A ll samples Psammite s /Semi-psammites Sem i-pelites
1 2 3 1
Si02 -1.57 4.12 1.71 1.23
Ti02 -0.43 -0.58 -0.39 0.86
A l2°3 -1.49 0.45 0.92 0.71
Fe2°3 -0.61 0.51 0.48 0.68
FeO -0.72 0.85 0.27 0.40
MnO 0.13 1.33 3.21 0.40
MgO 0.74 -0.34 -0.72 -0.28
CaO -0.29 -0.17 -1.48 0.06
Na20 0.48 0.75 0.87 -0.09
k2o -1 .89 0.72 1.06 2.00
P2°5 -0.37 0.31 -0.09 -0.42
Rb 0.95 0.99 -1.10
CM1
Sr -2.29 -0.18 -0.02 1.29
Ba -0.56 1.19 -0.06 0.17
Ni 0.16 0.65 -0.18 -0.29
Y 1 .08 -0.18 0.47 -0.23
Cr 1.32 -0.51 0.38 -0.44
Zr -0.98 0.39 -0.38 -0.30
Nb 0.39 -0.15 -0.15 -0.05
Egnvl 21.21 4.34 3.05 4.87
Can.crl 0.98 0.90 0.87 0.91
% trace 67.8 13.9 9.8 49.5
A .0003 .0063 .0338 .0071
><
ro 342.8 212.6 142.2 445.0
Df. 152 126 102 152
Sign. 0.000 0.000 0.004 0.000
2 3 1 2 3
3.08 -1.74 1.29 3.55 -0.71
-0.26 0.83 -1.20 0.97 -0.23
0.17 -2.40 2.02 0.85 -0.59
0.23 -0.66 1.57 0.06 -0.60
0.25 -0.38 1.95 0.14 -0.34
0.27 -0.46 -0.36 1.10 -0.51
-0.28 1.32 -0.15 -0.34 0.25
0.35 0.28 0.42 -0.33 0.69
0.58 -0.51 -0.73 0.59 -0.83
1.67 -0.29 -0.31 1.52 -1 .42
-0.00 0.05 0.29 0.76 0.63
1.21 0.48 -4.52 -1.62 0.79
-0.15 0.43 0.28 0.01 -0.83
-0.17 0.34 1 .59 -0.83 -0.17
0.34 0.05 -0.34 1.35 1.53
-0.66 0.30 0.57 -0.44 0.32
0.85 -1 .36 -1.01 1.78 -1.31
0.36 -0.41 -0.51 0.41 0.74
-0.05 -0.07 0.21 0.02 0.11
2.56 0.91 15.32 5.85 2.28
0.85 0.68 0.97 0.93 0.83
26.1 9.2 58.2 22.2 8.7
.0417 .1489 .0004 .0069 .0472
285.7 171.4 256.4 164.2 100.7
126 102 114 90 68
0.000 0.000 0.000 0.000 0.005
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TABLE 4.22: F MATRICES: FORMATIONS, 
a/ A ll Samples.
Df.l = 19. Df.2 = 78. C r it ic a l F ra tio  = 2.20 a t 1% sign ificance
1 2 3 4 5 6 7 8
2 0.79
3 0.49 2.17
4 1.39 1.65 2.87
5 10.42 15.35 16.09 12.27
6 3.17 5.15 6.17 4.17 6.59
7 1.98 4.16 4.27 4.97 11.98 3.85
8 2.02 6.55 6.14 5.82 13.80 4.61 2.07
9 1 .02 1.73 0.98 2.30 13.71 5.71 4.21 5.69
b/ Psammites and Semi-psammite s .
Df.l = 19. Df.2 = 30. C r it ic a l F ra tio  = 2.70 a t '1% sign ifican ce
1 2 3 4 5 6 7 8
2 1 .09
3 0.51 2.07
4 3.91 3.09 4.36
5 17.62 10.36 28.76 12.75
6 4.71 2.19 8.91 4.68 7.18
7 3.02 3.05 4.98 3.85 14.93 4.63
8 2.27 1.96 5.89 4.89 17.31 3.51 2.39
9 0.39 0.87 0.59 2.46 10.42 2.93 1.52 1.21
c/ Sem i-pelites.
Df.l = 19. Df.2 = 22. C r it ic a l F ra tio  = 2 .98 at 1% s ign ificance
2 3 4 6 7 8
3 2.32
4 4.56 1.76
6 3.50 4.41 5.51
7 4.84 4.49 5.23 4.38
8 12.74 10.57 12.24 8.20 0.57
9 2.12 0.81 2.68 4.12 4.65 10.95
1 = Carn Leac Semi-psammite
2 = Monadhliath Sem i-pelite
3 = Knockchoilum Semi-psammite
4 = Coire nan Laogh Sem i-pelite  
9 = Tarff Gorge Sem i-pelites 
Corrieyairack Succession
5 = Gairbeinn Pebbly Semi-psammite
6 = Al 11 Luaidhe Semi-psammite
7 = Carn Dearg Psammite
8 = Creag Mhor Psammite
Glenshirra Succession
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D iscr im ina t ion  between the formations i s  much le s s  e f f i c i e n t  and 
only some o f  the fo rm ations, p a r t i c u la r l y  the Gairbeinn Pebbly Semi- 
psammite, can be d is t in gu ish ed  from  the o th e rs .  There i s  however a c lea r  
d is t in c t io n  between formations from  each o f  the two successions, and w ith 
more samples i t  may be poss ib le  t o  d is t in gu ish  between a l l  the form ations.
e . C luster  A n a ly s is .
C luster  a n a ly s is  in vo lves  th e  c l a s s i f i c a t i o n  o f  samples in to  more 
or le s s  homogeneous groups, in  such a manner as to  r e v e a l  the r e la t io n s h ip s  
between the groups. I t  has been most commonly used in  g eo lo gy  by pa laeont­
o lo g is t s  f o r  taxonomical c l a s s i f i c a t i o n  purposes, but has a ls o  been applied  
to  geochemical da ta , (F lood ,  A l l e n  & 0rme,1976, Merriam & Pena Daza,1976).
For the a n a ly s is ,  the v a r ia b le s  are standardised in  order th a t  each 
element i s  weighted e q u a l ly .  (The mean va lue  i s  subtracted from the 
va r ia b le  and the r e s u l t  d iv ided  by  the standard d e v ia t io n  g iv in g  a va r iab le  
with a mean o f  z e ro  and a standard d e v ia t io n  o f  o n e . )  A measure o f  s im i l­
a r i t y  i s  then computed between each pa ir  o f  samples (n )  r e s u l t in g  in  an 
n x n m atr ix .  The samples are then  arranged in to  a h ierachy so th a t  the 
samples w ith  the h ighest mutual s im i l a r i t y  a re  placed to g e th e r .  The 
groups or c lu s te r s  o f  samples are  then assoc ia ted  w ith  other c lu s t e r s  that 
they most c l o s e l y  resemble u n t i l  a l l  the samples have been p laced in to  a 
complete c l a s s i f i c a t i o n  scheme.
There are many d i f f e r e n t  s im i l a r i t y  measures and seve ra l  c lu s te r in g  
techniques} the program CLUSTAN IB  (W ishart, 1969) used here u t i l i s e s  
severa l techniques o f  which Ward's Method ( e r r o r  sum o f  squares ) c lu s te r in g  
technique was s e le c te d .  For a more complete d iscuss ion  o f  c lu s t e r  ana lys is  
see Anderberg (1973) or Davis (1973 ).
124
In con tras t  to  d iscrim inant fu nction  a n a ly s is ,  there are no t e s t s  o f  
the s t a t i s t i c a l  s ign i f ic a n c e  o f  the c lu s te r s  formed; as with p r in c ip a l  
component a n a ly s is  u t i l i t y  i s  judged by performance rather than by th e o r ­
e t i c a l  c on s id e ra t ion s .
The dendrograms produced by the CLUSTAN IB program are shown in 
Figures 4.24 & 4.25. In  each case Si02 was masked in the ca lcu la t ion  o f  
the s im i l a r i t y  c o e f f i c i e n t s  in  an attempt to  reduce the in fluence o f  rock  
type on c lu s t e r in g .  ( 1^ 0 )  was a ls o  masked as the va lues were ca lcu la te d  
from LOI determ inations and not considered to  be re le va n t  to  the compar­
ison o f  the o r i g in a l  sed im en ts .)
A l l  ro ck  types .
Rock type  s t i l l  has a marked in f lu en ce  on the c lu s te r in g  o f  the 
samples d e sp i te  the masking o f  SiC>2 and the standard iza t ion  o f  the d a ta .  
This i s  a r e s u l t  o f  the constant sum nature o f  the data as SiC>2 r i c h  rocks 
have lower concen tra t ions  o f  the other elements than S i02 poor rocks 
i e .  the in f lu en ce  o f  rock  type i s  due to  the dominance o f  negative c o r r e l ­
a tions in  th e  c o r r e la t io n  matrix.
Above a s im i l a r i t y  c o e f f i c i e n t  o f  6.00 there are 8 c lu s te rs «
Cluster 1 i s  made up o f  samples from the Knockchoilum Semi-psammite w i th  
the semi-psammites from the Monadhliath S e m i-p e l i t e ,  the Coire nan Laogh 
Sem i-pe lite  and two semi-psammites from the G lenshirra  Succession.
Cluster 2 i s  made up o f  samples from the Monadhliath Sem i-pe lite  and 
together  w ith  C luster 1 the concen tra t ions  o f  the elements dev ia te  l i t t l e  
from the o v e r a l l  mean va lues ( low  T in c lu s t e r  d ia g o n is t ic s  procedure 
RESULT). C luster  8 contains the psammites from the Glenshirra Succession 
together  w ith  the q u a r tz i t e  sample (101A) from the base o f  the Monadhliath 
S e m i-p e l i t e .  H20, FeO, A^O^ T i0 2 , MgO, Y and Cr concentrations d i f f e r  
s u b s ta n t ia l ly  from the o v e r a l l  mean va lues and have low v a r i a b i l i t y
124
In con trast to  discrim inant function  a n a ly s is ,  there  are no te s t s  o f  
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the s im i la r i t y  c o e f f i c i e n t s  in  an attempt to  reduce the in f lu en ce  o f  rock 
type on c lu s te r in g .  (H20 )  was a ls o  masked as the va lues were ca lcu la ted  
from LOI determ inations and not considered to  be r e le va n t  to  the compar­
ison o f  the o r i g in a l  sed im en ts .)
A l l  rock types .
Rock type s t i l l  has a marked in f luence  on the c lu s te r in g  o f  the 
samples desp ite  the masking o f  SiC>2 and the s ta n d a rd iza t io n  o f  the data. 
This i s  a r e s u l t  o f  the constant sum nature o f  th e  data as SiC>2 r i c h  rocks 
have lower concentra tions o f  the other elements than SiC>2 poor rocks 
i e . the in f luence  o f  rock type i s  due to  the dominance o f  n ega t ive  c o r r e l ­
a t ion s  in  the c o r r e la t io n  m atrix .
Above a s im i la r i t y  c o e f f i c i e n t  o f  6.00 th e re  are 8 c lu s t e r s «
C luster 1 i s  made up o f  samples from the Knockchoilum Semi—psammite w ith 
the semi-psammites from the Monadhliath S e m i-p e l i t e ,  the Coire nan Laogh 
S em i-pe lite  and two semi-psammites from the G lensh irra  Succession.
C luster 2 i s  made up o f  samples from the Monadhliath S e m i-p e l i te  and 
together  w ith  C luster 1 the concentrations o f  the  elements d e v ia te  l i t t l e  
from the o v e r a l l  mean va lues ( low  T in c lu s te r  d ia g o n is t i c s  procedure 
RESULT). Cluster 8 conta ins the psammites from the G lensh irra  Succession 
together  w ith  the q u a r tz i t e  sample (101A) from the  base o f  the Monadhliath 
S em i-p e l i te .  H20, FeO, A^O^ T i0 2> MgO, Y and Cr concentra tions d i f f e r  
su b s ta n t ia l ly  from the o v e r a l l  mean values and have low v a r i a b i l i t y
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F igure  4 .24: Dendrogram from c lu s t e r  an a ly s is  o f  a l l  samples.







F igure  4.25: Dendrogram from c lu s t e r  a n a l y s i s  o f  A) S e m i - p s a m m i t e s  and
psammites, B) S em i-p e l i te s .
125
co.p,rea with the „ver.ll vri.no. CF-r.tio) .„a therefore hL.onlstle 
of the cluster («.hart, 1969). The fo»,io,. .„a succession. ,te „„t 
well differentiated In the ,„.ly,is .„a do not cluster together.
Psammites and semi-psammites.
F ive  c lu s te rs  are present above a s im i la r i t y  c o e f f i c ie n t  o f  6.082. 
C luster 4 is  made up o f  four samples from the G airbeinn Pebbly Semi- 
psammite to ge th er  w ith  a s in g le  sample from the u nderly ing  A l l t  Luaidhe 
Semi-psammite. The c lu s te r  i s  ch aracter ised  by Sr and Ba concen tra tions 
very  d i f f e r e n t  from the o v e r a l l  means, to g e th er  w ith  K.,0, A l ^  and Y.
CaO, MnO and Ni have low va r ian ces  compared w ith  the o v e r a l l  variance but
have va lu es  v e ry  s im ila r  to  the o v e r a ll  mean and so a re  not u se fu l d ia g -  
n os tic s  o f  the c lu s te r «
C lu s ter 5 is  comprised o f  the psammites from the G lensh irra  
Succession and has s ig n i f i c a n t ly  d i f fe r e n t  va lu es fo r  A l ^ ,  Cr, MgO and 
FeO. From the other c lu s te rs  FeO, Sr, MgO, P.,0,., CaO, Ba and Cr a lso  have 
low va lu es o f  F - r a t io  and are th e re fo re  good d ia g n o s tic s  o f  the c lu s te r .
C lu sters  1 , 2 and 3 are made up o f  the semi-psammites from the
C orr ieya ira ck  Succession plus the semi-psammites from the Creag Mhor
Psammite and A l l t  Luaidhe Semi-psammite. The d i f f e r e n t  form ations o f  the
Corrieyairack Succession do not cluster together. The cluster analysis
therefore distinguishes between the psammites of the Glenshirra Succession,
and the G airbeinn Pebbly Semi-psammites, but a l l  the o th e r  samples c lu s te r  
to g e th er .
Semi-pelltes.
Above a s im i la r i t y  c o e f f i c ie n t  o f  4.184 there a re  6 c lu s te r s .
Cluster 1 is  made up of samples from the Corrieyairack Succession charact­
erised by low variance and anomalous concentrations of K20 and Y and low
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va rian ce  con cen tra tion s o f N i , FeO, Sr, Rb, Fe203 and T i0 2>
C lu ster 2 i s  composed e n t i r e ly  o f  s e m i-p e lite s  from  the G lenshirra 
Succession ch a ra c ter ised  by va lu es  fo r  K20, MnO, S r, CaO and Na20 ve ry  
d i f fe r e n t  from  the o v e r a l l  mean.
C lu s ter 3 is  composed o f  samples from the Knockchoilum and Coire nan 
Laogh Form ations. The con cen tra tion s o f  each element v a r ie s  l i t t l e  from 
the o v e r a l l  mean and th e re fo re  no elements are p a r t ic u la r ly  d ia gn os tic  o f  
the c lu s te r .
C lu ster 4 is  made up o f  samples from the Monadhliath S em i-p e lite  
w ith  most o f  the samples from the T a r f f  Gorge, supporting the f i e ld  
in te rp r e ta t io n  which suggests th a t  the two s e m i-p e lite s  are eq u iva len t.
The element concen tra tions do not d ev ia te  s ig n i f ic a n t ly  from the o v e ra ll  
mean va lu es .
C lu ster 5 is  made up o f  fo u r  samples w ith  low er va lu es  fo r  FeO than 
the o v e r a l l  mean p o ss ib ly  as th e re  were more weathered than the others and 
PP1 and PP2 fo r  which FeO was not determ ined. Sample PJH 78 forms 
C luster 6 , supporting the anomalous nature o f  i t s  chem istry  compared w ith 
the r e s t  o f  the metasediments. I t  has concen tra tions o f  Sr, Cr, Zr, T i02, 
^e 2®3 » CaO and Na20 ve ry  d i f f e r e n t  from the o v e r a l l  mean va lu es , in d ic a t iv e  
o f  the presence o f  heavy m inera ls and p o ss ib ly  metasomatism.
W ithin the semi—p e l i t e s  samples c lu s te r  an a lys is  th e re fo re  rev ea ls  
that the G len sh irra  Succession can be d is tin gu ish ed  from rocks o f  the 
C o rr ieya ira ck  Succession and that the Monadhliath S em i-p e lite  can be 
d is tin gu ish ed  from the Knockchoilum and Coire nan Laogh Formations.
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f . Conclusions.
M u lt iv a r ia te  s t a t i s t i c a l  a n a ly s is  o f  the geochem istry  o f  the meta­
sediments has re v ea led  that th ere  is  a s t a t i s t i c a l l y  s ig n i f ic a n t  d if fe re n c e  
between the two successions in  the C orr ieya ira ck  Pass a re a , although on ly  
the Gairbeinn Pebb ly Semi-psammite (fo rm a tio n ) i s  d is t in c t i v e  on the 
form ation l e v e l .  The Monadhliath S em i-p e lite  is  separated  from the other 
form ations o f  th e  C orrieya ira ck  Succession in  c lu s te r  a n a ly s is  o f  the 
s e m i-p e lite s . I t  th e re fo re  appears that although d i f fe r e n c e s  between the 
form ations from  each succession  can be recogn ised , the d i f fe r e n c e s  w ith in  
the successions are not s t a t i s t i c a l l y  s ig n i f ic a n t .  As the a n a ly s is  o f  
variance r e v e a ls  that th ere are d i f fe r e n c e s  in  the means f o r  each elem ent, 
the lack  o f  adequate d is c r im in a tio n  may be a r e s u lt  o f  in s u f f ic ie n t  data.
The s t a t i s t i c a l  analyses support the conclusions o f  S ection  2, that 
the v a r ia t io n  in  chem istry i s  c o n tro lle d  p r in c ip a l ly  by v a r ia t io n s  in  the 
proportions o f  fe ld s p a r  and c la y  m in era ls , and a lso  v a r ia t io n s  in  the 
proportion  o f  a lk a l i  fe ld s p a r  to  p la g io c la s e . These v a r ia t io n s  are in d ic ­
a t iv e  o f  an a rk o s ic  immature nature o f  the G lensh irra  Succession  and 
r e la t i v e l y  mature greywacke type o f  sediment in  the C o rr ie ya ira ck  Succession.
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As sta ted  by H arris e t a l . (1978) " l i t t l e  sed im en to log ica l d e ta i l  is  
a v a ila b le "  fo r  the Grampian D iv is io n  "and any fa c ie s  in te rp re ta t io n s  must 
remain at best h ig h ly  sp ec u la t iv e " . The on ly  d e ta iled  sed im en to log ica l 
in te rp re ta tio n s  th a t  have been attem pted in  the Central H ighlands, are 
those off Hickman (1 9 7 5 ), w ith  re fe ren c e  to  the E ilde F lags  and the low er 
Dalradian o f  the Lism ore to  Glen Roy a rea , and W h ittles  (19 81 ), w ith  r e f ­
erence to  the Grampian D iv is ion  o f  the Loch K i l l in  area. Hickman (1975) 
concluded that the E ild e  F lags were depos ited  in  a shallow  s h e lf  sea 
environment, re c o g n is in g  cross-bedd ing , small sca le r ip p le s ,  slump fo ld s ,  
graded bedding and heavy m ineral la y e r s , in  a coarsening upwards sequence 
more than 1km th ic k . The E ild e  F lags were described  as p o o r ly  sorted  
a rk os ic  sands, s i l t s  and muds, depos ited  from pa laeocurren ts o f  r a p id ly  
changing v e lo c i t y .  He suggested that the sediment m atu rity  increases 
southwards, w ith  th e  b e tte r  so rted  q u a r tz ite s  and sch is ts  o f  the T ra n s it ion  
Group rep resen tin g  sedim entation  fu rth er  removed from the terr igen eou s 
supply. In the Loch K i l l in  a rea , W h itt le s  (1981) a lso  concluded that the 
dominantly psam m itic, metasediments were deposited  under shallow  marine / 
su b -tid a l c o n d it io n s . He recogn ised  fea tu res  s im ila r  to  those recorded by 
Hickman (1975) but a ls o  'cu t and f i l l *  s tru c tu res , and rhythmic graded 
bedding, resem bling t u r b id it ic  d ep os its .
Thomas (1980) a ls o  recogn ised  cross-bedd in g , small s ca le  r ip p le  
lam inations, current scours, and s o ft  sediment deform ation stru ctu res in  
the psammitic rocks o f  the S ch ieh a llion  a rea , and s im ila r ly  suggested that 
these were in d ic a t iv e  o f  a shallow  water marine or d e lta ic  environm ent, 
although he d id  not undertake any d e ta ile d  sed im en to log ica l work.
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2 . SEDIMENTARY STRUCTURES 
a• Cross-lamination.
Cross-lam ination  i s  most commonly preserved  w ith in  the lower p o rt io n  
o f  the Knockchoilum Semi-psammite, p a r t ic u la r ly  in  the R iver T a r f f  
CNH 468032), in  the A l l t  Ya irack  (NN 441981), and a t NN 433971. I t  is  
a ls o  o c ca s io n a lly  preserved  w ith in  the Carn Leac Semi-psammite, the A l l t  
Luaidhe Semi-psammite, and the Gairbeinn Pebbly Semi-psammite. In d iv id u a l 
s e ts  va ry  con s id erab ly  in  morphology (P la t e s  5.1 -  5 .6 ) and s iz e ,  w ith  
s e ts  va ry in g  from 1cm to  4cm th ick  and co se ts  from 4cm to  25cm th ic k . At 
one l o c a l i t y  (NH 450011), r ip p le  marks are preserved  on the bedding plane 
(P la t e  5 .2 ) .  These are s t ra ig h t  c re s ted , asymmetric r ip p le s  w ith  a wave­
len g th  o f  20cm and an am plitude o f  0.5cm. Most o f  the r ip p le s  are consid ­
e red  to  be current r ip p le s  w ith  p a r a l le l  fo r e s e t  laminae va ry in g  from 
tab u la r  to  sigm oida l in  shape and w ith  p lanar or trough shaped bases. The 
v a r ia t io n  in  s ty le  in d ica te s  a v a r ia t io n  from  s tra ig h t  to  s in u so ida l c r e s ts  
a t t r ib u te d  to  v a r ia t io n s  in  cu rrent s tren g th  (Reineck and Singh, 1973).
V a ria tion s  in  cu rrent s trength  are a ls o  in d ica ted  by the presence o f  
muddy len ses w ith in  the r ip p le  lam in ations , producing f la s e r  s tru ctu re or 
wavy bedding (P e tt ijo h n .1 9 7 5 , Reineck and S ingh ,1973) (P la te  5 .5 ).  At one 
l o c a l i t y  (NH 40200151), wave r ip p le  lam inations were recogn ised  (P la te  5 .6 )  
m  a sso c ia tio n  w ith  current r ip p le  lam in ations . v
Cross-lamination occurs in many different sedimentary environments
but tends to  be most abundant in  shallow  w ater sandy environments (Reineck 
and Singh, 1973).
P la te  5.1
P la te  5.2
C ross-lam ination  in  semi-psammite from th e Knockchoilum 
Semi-psammite (NN 43659815)
Hippie marks from Knockchoilum Semi—psammite
(NH 45000110)

P la te  5.3
P la te  5.4
* Cross lam ination  in  semi-psammite from th e Knockchoilum 
Semi-psammite (NN 43569964)
* Cross-lamination in semi-psammite from the Knockchoilum 
Semi-psammite (NN 43199782)

P la te  5.
P la te  5.6
' ! WaVy beddine in the Knockchoilum Semi-psammite 
CNH 46800320)
■ «*** ripple laminations in association with currant





Graded bedding is  best preserved  w ith in  the Gairbeinn Pebbly Semi- 
psammite, but was a lso  recogn ised , l o c a l l y ,  w ith in  the Knockchoilum Semi- 
psammite and the Carn Leac Semi-psammite. W ithin the la t t e r  two form ations, 
the graded u n its  are s p o ra d ic a lly  deve loped ; s in g ly  or rep ea ted  on ly  once 
or tw ic e . These u n its  va ry  from 2 to  15cm in  th ickness and g en e ra lly  
in vo lve  a f in in g  upwards from sand to  s i l t  or mud, w ith  a sharp t ra n s it io n  
from mud to  sand at the top  o f  the u n it .  Coarser grade m a te r ia l was on ly  
r a r e ly  recogn ised ; c la s ts  never exceed 1 or 2mm in  diam eter (P la te s  5.7 
& 5 .8 ) .  The th ick  rhythmic graded u n its  recogn ised  by W h itt le s  (1981) in  
the Fech lin  Psammite near W hitebridge were not recogn ised  in  the 
C o rr ieya ira ck  area.
Reineck and Singh (1973 p.104) d iscuss the nature and o r ig in  o f  
graded bedding from shallow  w ater environments and s ta te  th a t they are 
g e n e ra lly  and sp o ra d ica lly  deve loped , as a r e s u lt  o f  sedim entation  from 
suspension clouds in  the la s t  phases o f  a flo o d  or from d ep os itio n  during 
waning cu rrent a c t i v i t y .
In c o n tra s t , graded u n its  are ub iqu itous w ith in  the Gairbeinn Pebbly 
Semi-psammite and can be recogn ised  even where the form ation  is  h igh ly  
deformed beneath the Gairbeinn S lid e  (Chapter 7 ).
The m ater ia l in  th is  form ation  i s  much coarsed than elsew here w ith  
p a r t ic le s  up to  approxim ately 6cm in  d iam eter. The graded u n its  vary  from 
2 to  20cm in  th ickness, w ith  a coarse gra ined  g r a v e l ly  base grad ing upwards 
in to  s i l t s  o r  muds w ith  a sharp con tact w ith  the o v e r ly in g  g r a v e l,
5 .9 ) .  The s i l t y  p o rtion  o f  the un it is  not always p resen t, poss­
ib ly  due to  penecontemporaneous e ro s io n , and seve ra l metres o f  semi- 
psammite, s em i-p e lite  or psammite o c ca s io n a lly  in terven e between successive
P la te  5.7
P la te  5.8
Thin graded u n its , w ith  sca tte red  c la s t ic  fragm ents 
in  the Knockchoilum Semi—psammite 
(NH 40180158)
Repeated graded u n its , w ith  lo c a l e ros ion  su rfa ces




P la te  5
5.9 » Graded u n its  w ith  abundant c la s t ic  fragments and lo c a l  
e ro s io n  su rfa ces , Gairbeinn Pebbly Semi-psammite 
(NH 47159923)




pebble bands. However, these u n its  a ls o  show grad ing on a sca le  o f  2-4cm 
and have ir r e g u la r ly  d is tr ib u ted  c la s t ic  fragments (Chapter 2 ) .  Their 
form suggests a h igh ly  va r ia b le  d ischarge o f  m ater ia l from va r ia b le  
cu rren ts , combined w ith  rap id  d e p o s it io n .
c . Syndepositiona l Deformation S tructu res.
Convolute bedding occurs p r in c ip a lly  w ith in  the Fech lin  Psammite 
(NH 468027), but is  a lso  lo c a l l y  developed w ith in  the Knockchoilum Semi- 
psammite. The structu res are ch aracter ised  by f in e  lam in ations, fo ld ed
synclines and sharp a n t ic l in e s ,  w ith  lo c a l  overtu rn ing (P la te s  
5.10 & 5 .1 1 ). The fo ld s  are o r ien ta ted  normal to  the pa la eocu rren t, w ith 
the overtu rn in g  predominantly in  the downcurrent d ir e c t io n  (B la t t ,  
M iddleton and Murray, 1980), in d ica t in g  d epos ition  from n o rth er ly  flow in g  
curren ts (S e c t ion  3 ).
Many th eo r ie s  have been advanced to  exp la in  these stru ctu res 
in v o lv in g  d i f fe r e n t  mechanisms to  ex p la in  the l iq u e fa c t io n  o f  the sediment 
so that i t  deforms or flow s under ve ry  small shear s tresses  (B la t t ,  
M iddleton and Murray, 1980 p .189 ). The structu res appear to  be r e s t r ic t e d  
to  coarse s i l t  or f in e  sand grade m a te r ia l, which has been ra p id ly  depos­
it e d  from suspension, r e s u lt in g  in  unstable packing and low cohesion but 
w ith  a low p erm eab ility  preven ting the rap id  lo ss  o f  pore f lu id s .  A sud­
den change in  the packing as a re s u lt  o f  an earthquake or other d is tu rb ­
ance, generates high excess pore-pressures and produces l iq u e fa c t io n  o f  
the sediment (B la t t  e t  a l . o p . c i t . ) .  L iq u e fa c tion  may a lso  be a r e s u lt  o f  
o v e r lo a d in g , fo r  example, due to  d ep os itio n  o f  sand on top o f  the bed 
(McKee and Goldberg, 1969) or due to  cu rrent a c t i v i t y  producing v o r t ic e s  
(Kuenen, 1953) or as a r e s u lt  o f  su baeria l exposure, w ith  compaction o f  
the sediment re s u lt in g  from the expu ls ion  o f  w ater.
P la te  5.11 j Convolute lam inations w ith in  Knockchoilum Semi-psammite 
in  part o f  rhythmic bedding (F ig  2 .3 ) a lso  showing lo c a l  
e ros ion  su rfa ce . (NH 40180158)




Convolute bedding was regarded as typical of turbidite sequences but 
it is also locally abundant in inter-tidal flats and fluvial flood plain 
or point bar deposits (Reineck and Singh, 1973),
Overturned cross-lam in a tion s  (P la t e  5 .1 2 ) were observed w ith in  the 
Knockchoilum Semi-psammite and are a ls o  considered  to  be a r e s u lt  o f  
p a r t ia l  sediment l iq u e fa c t io n , p o ss ib ly  as a r e s u lt  o f  earthquake shock, 
w ith  the overtu rn ing r e la te d  t o  shear s tre s s  ex erted  by current drag 
(A lle n  and Banks, 1972). Anderton (1976) s ta te s  th a t these syn d ep osit- 
ion a l s tru ctu res  are uncommon in  shallow  marine sediments and that th e ir  
presence in  these environments i s  ev idence fo r  earthquake a c t i v i t y .
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3. PALAEOCURRENT ANALYSIS
As sedim entary stru c tu res  su ita b le  fo r  accurate measurement o f  
p a laeocu rren ts  are o n ly  s p o ra d ic a lly  developed w ith in  the C orr ieya ira ck  
Pass a rea , no system atic  a n a ly s is  o f  the pa laeocu rren ts  has been under­
taken . However, the d ir e c t io n  o f  overtu rn in g  o f  the convolu te bedding and 
cro ss -la m in a tion  and the a t t itu d e  o f  most o f  the cross  s e ts , in d ica te  a 
gen era l n o r th e a s te r ly  pa laeocurren t d ir e c t io n .  R o ta tion  o f  the beds about 
the main D2 phase o f  deform ation  i s  u su a lly  p a r a l le l  to  the observed cu r­
ren t d ir e c t io n  and so does not a f f e c t  the estim ated  d ir e c t io n .  The e f f e c t s  
or D1 and D3 are more d i f f i c u l t  to  e s tim a te , p a r t ic u la r ly  as the 
C o rr ie ya ira ck  Succession must be considered  to  be a lloch thon ou s, and both 
ep isodes may have re s u lte d  in  con s id erab le  r o ta t io n .
I f  the model o f  D1 recumbent fo ld s  proposed fo r  the T a r f f  sec tion  
and th e r e fo r e  the whole area (Chapter 7 ) i s  c o r r e c t ,  then D1 and D2 even ts
were probab ly  c o - a x ia l ,  and any r o ta t io n  o f  the cu rren t d ir e c t io n s  is  
l im ite d  to  D3 even ts .
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4 . ORIGIN OF CALCAREOUS PODS
SS OUtU,,e<I ln  C h W "  6 “ * « - * — ■ P - .  the w h ite c a lc - s i l i c a t e s  
c a lc i t e  bearing p c s  a„d  c a lc - s i l i c a t e s  ate considered  to  he carb -
Onat. con cre tion s  *  d i a b e t i c  o r i 8i „ .  U n fortunate ly  th ere appears to  he
no p a r t ic u la r  e n v i r o n » « .  1 s ig n if ic a n c e  attached to  the occurrence o f
carbonate co n cre tion s . „  they can be found in  ,  w ide range o f  s e d e n t a r y
environments in c lu d in g  f l u v i a l ,  d e l t a ic ,  shallow  marine o r  deep sea.
Carbonate does not norm ally p re c ip ita te  in  „ . t e r  below a pH o f  7 8 
and above a pH o f  8 .3  becomes in s o lu b le , thus preven ting the movement o f ’
m  pore f lu id s  necessary fo r  the con cretion s to  deve lop . However, 
these con d ition s  are f u l f i l l e d  in  most marine and f lu v ia l  s y s tem  (pH 7.5 
t o  8 .5 ) (W eeks,1957, A lle g r e  and M ichard,1973) .
A p o s t-d e p o s it io n a l, pre-com paction or d ia g en e tic  ra th e r  than e p i-  
g e n e t ic  o r ig in  fo r  the con cretion s  is  proposed, as the pods are o fte n  seen 
to  overgrow  sedim entary s tru c tu res  such as c ro s s -la m in a tion , (P la te  5 . 13 ) .  
W ithout d is tu rbance o f  the s t r a t i f i c a t io n .
The mechanism o f  form ation  proposed by H a isw ell ( , „ , )  m ^ iv e s  the 
upward m igra tion  o f  pore w a ter , r ic h  in  d is so lv ed  CO,, through the uncos. 
P -c ted  sedim ent, as a r e s u lt  o f  c a p i l la r y  a c t io n , a ,  the pore water r i s e s .  
CO, is  re le a s ed  due to  equ i l lb r a t io n  w ith  decreasing pore pressures at 
decreasin g  depth , As the m igra tion  o f  the pore „ . t e r  con tin u es, i t  becomes 
supersatu rated  in  carbonates and p r e c ip ita t io n  occu rs. Supersaturated 
tones are o fte n  es ta b lish ed  at bedding p lanes, as a r e s u lt  o f  changing 
p e rm e a b ility , o f  fo r  example, sandstone, and s i l t s t o n e s .  Once a con cretion  
n u c lea tes , a chem ical p o te n t ia l is  developed and carbonate io n ,  m igrate by 
d i f fu s io n  through the pore w ater to  the po in t o f  n u c lea tlon .
P la te  5.13 : C ross-lam ination  preserved  in  c a lc i t e  bearing pod 
from Knockchoilum Semi-psammite.
(NH 39500215)
P la te  5.14 i C a lc ite  bearing pod in  Knockchoilum Semi-psammite,
showing c h a ra c te r is t ic  p it t e d  appearance as a r e s u lt  




Deegan (1971) suggested that secondary s i l i c a  cement was a c tu a lly  
rep laced  by carbonate nu cleating  along the boundaries between d e t r i t a l  
g ra in s  and e v en tu a lly  rep la c in g  the d e t r i t a l  gra in s  them selves. This 
process would in v o lv e  the so lu tion  o f  s i l i c a  by s l i g h t ly  a c id ic  C02 r ic h  
pore w ater:
S i02 + 2H2C03 = H^SiO^ + 2C02
carbon ic s i l i c i c  
ac id  a c id
The r e le a s e  o f  CO2 re s u lts  in  an in c rease  in  the a lk a l in i t y  o f  the 
pore w ater, a llo w in g  p r e c ip it io n  o f  ca rbon ate . I f  quartz or the secondary 
s i l i c a  cement was the on ly  m ateria l to  be rep la c ed , th ere would be a 
decrease in  the S i02/Al203 r a t io  compared t o  the host rock as recorded  by 
Tanner (1976 ), but th is  was not observed in  the C o rr ieya ira ck  area 
(Chapter 6 ) .  I t  i s  thought, th e r e fo r e ,  th a t fe ld sp a r  i s  a ls o  rep laced  
during the form ation  o f  the con cre tion .
The shape o f  the concretion s v a r ie s  from  the e l l ip s o id a l  pods o f  the 
Knockchoilum Semi-psammite (P la te  5 .1 4 ) and the Creag Mhor Psammite, to  
the th in , l a t e r a l l y  ex ten s ive  bands o f  the Monadhliath S em i-p e lite  and 
Coire nan Laogh S e m i-p e lite , and i s  in fe r r e d  to  be a r e s u lt  o f  d if fe r e n c e s  
in  the nature o f  the p e rm eab ility  a n is o tro p ie s  in  the d i f f e r e n t  l i t h o lo g ie s .  
The c a l c - s i l i c a t e  bands o f  the s e m i-p e lit ic  form ations are r e s t r ic t e d  to  
th in  psammitic r ib s  which, presumably due t o  the lack  o f  c la y  m inera ls , 
have an increased  p e rm eab ility  compared w ith  the r e l a t i v e l y  impermeable 
s e m i-p e lite s . P e rm ea b ility  a n iso trop ie s  a re  th e re fo re  planar producing 
planar con cre tion s . In  c o n tra s t, the semi-psammites are r e l a t i v e l y  is o ­
t ro p ic  and con cretion s  nucleate at a s e r ie s  o f  po in ts  ra th e r  than along a 
p a r t ic u la r  su r fa ce , probably producing more o r  le s s  sp h erica l con cretion s  
which have been subsequently f la t te n e d  by compaction and tecton ism .
The zoning in  the c a lc - s i l i c a t e s  is  a r e s u lt  o f  slow d i f fu s io n  ra te s  
and is  p a r t ic u la r ly  d ia gon os tic  o f  co n cre tion s  formed la t e r  in  the d iagen -
e t i c  h is to ry  o f  the sediment (R a is w e ll ,  1971 ).
P la te  5.15 White c a l c - s i l i c a t e  band in  s e m i-p e l i t e , from 





The metasediments o f  the C o rr ieya ira ck  Succession can be d iv id ed  
in to  th ree  l i t h o fa c i e s ,  making up the f i v e  fo rm ation s o f  the Succession 
(Chapter 2 ) .  These a re :
i .  S e m i-p e lit e s , rep resen tin g  mud and s i l t  d ep os its  w ith  th in  
r ib s  o f  sand, co n cre tion s  and th ick e r  len ses  o f  c lea n  washed sands, rep ­
resen ted  by the q u a r tz it e s .  Heavy m ineral bands occur w ith in  the q u a r tz ite s  
but no sedim entary s tru c tu res  were observed . Th is fa c ie s  makes up the 
Coire nan Laogh and Monadhliath Semi—p e l i t e s . (More d e ta ile d  d esc r ip tio n s  
o f  the fo rm ation s and th e re fo re  the fa c ie s  can be found in  Chapter 20
i i .  Semi-psammites and Psammites, rep re se n tin g  p o o r ly  sorted  sands 
w ith  occa s ion a l s i l t  len ses . R ipp le  marks, wave and current r ip p le  lam­
in a t io n s , con vo lu te  bedding, overturned c ro ss -la m in a tion  and a few , th in  
bands o f  coa rse r  sand, in  sporad ic graded beds are found, w ith in  planar
or tab u la r beds, ranging from  0.04 to  lm th ic k . Concretions are found 
throughout. L o c a l ly ,  massive sem i-psammites, graded beds and convolu te 
beds are rep ea ted  in  c y c le s  (F ig  2 .3 ) .  Th is fa c ie s  makes up the Carn Leac 
Semi-psammite, the Knockchoilum Semi-psammite and the Fech lin  Psammite.
i i i .  S tr ip ed  Psam m ite/Sem i-pelite. Th is fa c ie s  is  much more lo c a l ly\
developed  and i s  t r a n s it io n a l between fa c ie s  i .  and i i .  a t the top  o f  the 
Knockchoilum Semi-psammite. I t  c o n s is ts  o f  r a p id ly  a lte rn a t in g  but 
l a t e r a l l y  e x te n s iv e , a lte rn a t io n s  o f  sands and s i l t s ,  in  planar beds, 
va r in g  from 4 t o  30cm th ic k . No sedim entary s tru c tu res  or concretions 
were recogn ised .
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b. Glenshirra Succession.
The G lensh irra  Succession can be d iv id ed  in to  fou r l i t h o fa c ie s  
corresponding to  each o f  the fo rm ation s i
i .  Mixed Facies o f  the Creag Mhor Psammite, rep resen ted  by a lte rn ­
a tio n s  o f  sands, muds and s i l t s ,  o c ca s io n a lly  in  c y c l ic  r e p e t i t io n  (F ig  2 .2 ) .  
Concretions occur w ith in  the sandstone u n its  but no o th er sedim entary stru c­
tu res  were recogn ised .
i i .  Psammite o f  the Carn Dearg Formation, c o n s is t in g  o f  massive 
fe ld s p a th ic  sands w ith  occa s ion a l th ick  len ses  o f  s i l t s  o r  muds. No sed­
im entary stru ctu res were observed .
i i i , Semi-psammite o f  the A l l t  Luaidhe Formation, rep re sen tin g  a 
t r a n s it io n a l fa c ie s  between the sands o f  fa c ie s  i i .  and th e  pebbly sands 
o f  the Gairbeinn Semi-psammite. The sands are in terbedded  w ith  s i l t  and 
mud lo c a l ly  in  planar beds 5 to  10cm th ick  and elsew here as more ex ten s iv e  
len ses . Concretions are s p o ra d ic a lly  developed and c ro ss -la m in a tion s  were 
a ls o  observed.
i v .  Pebbly Semi-psammite, co n s is tin g  o f  coarse g ra in ed  g ra v e ls  and 
sands w ith  subsiduary s i l t  or mud and f in e  grained sands. The fa c ie s  
con ta ins abundant graded beds, some cross-lam in ation  and a few co n cre tion s .
The in d iv id u a l g ra v e l u n its  are le n t ic u la r  in  shape and lo c a l l y  separated
\
by ex ten s ive  th icknesses o f  in terbedded sands and s i l t s .
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6. ENVIRONMENTAL INTERPRETATION
Any pa laeogeograph ica l or environmental in t e r p r e ta t io n  o f  the 
sequence o f  metasediments in  the C o rr ieya ira ck  a rea ,  i s  n e c e s s a r i ly  
ex trem e ly  t e n t a t i v e ,  as a r e s u l t  o f  the  la ck  o f  exposure p reven ting  
d e ta i l e d  study o f  the sedim entology. The complex metamorphic and s truc­
tu ra l  h i s t o r i e s  a lso  tend to  o b l i t e r a t e  or confuse the d ia gn o s t ic  fe a tu re s .
Major th icknesses o f  sands, such as those o f  the Fech lin  Psammite, 
Knockchoilum Semi-psammite, Carn Leac Semi-psammite, and Carn Dearg 
Psammite a re  l i k e l y  to  be formed o n ly  in  three main sedimentary en v iron ­
ments : f l u v i a l ,  d e l t a i c  or shallow marine. W ith in the Knockchoilum 
Semi-psammite, p a r t i c u la r ly  where sedimentary s tru c tu res  are more commonly 
p re se rv ed ,  the fo l lo w in g  fea tu res  support a shallow marine o r i g in  f o r  the 
sediment s *
i .  The dominance o f  planar or ta b u la r  beds, w ith  in d iv id u a l  u n its  
t ra c e a b le  over tens o f  metres, and a complete lack  o f  l e n t i c u la r  beds w ith  
major e r o s io n  surfaces in d ic a t iv e  o f  ch ann e ll in g .
i i .  The lack  o f  any preserved c l a s t i c  fragments,
i i i .  The lack o f  la rge  sca le  cross-bedd ing .
i v .  The f a i r l y  random v e r t i c a l  sequences (Anderton, 1976) w ith  l i t t l e  
in d ic a t io n  o f  cy c l ic ,  r e p e t i t i o n .
\
v .  The presence o f  small sca le  wave and current r ip p le  lam inat ions , 
and the w ide v a r ia t io n  in  s t y le  o f  these  s truc tu res  (Reineck and Singh, 
1973, W a lker ,1979).
v i .  The sporadic and s o l i t a r y  nature o f  any graded bedding.
v i i .  A geochemistry c h a r a c t e r is t i c  o f  marine sequences (Chapter 4 ) .
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Johnson (1978 ) recogn ised  th ree  main l i t h o f a c i e s  in  shallow marine 
s i l i c l a s t i c  seas :
A. Sandstone f a c i e s :  comprising 90-100% sandstone, w ith  p a r a l l e l  
lamination r e f l e c t i n g  an upper f lo w  reg im e, combined w ith  d ep os it ion  from 
suspension, caused by e i t h e r  current or wave a c t io n .  Cross-lam ination 
r e f l e c t s  a lower regime w ith  the m igra t ion  o f  small sca le  wave or current 
r ip p le s .
B. H e t e r o l i t h ic  f a c i e s :  comprising th inner  bedded d ep os its  w ith  a 
v a r ia b le  sand con ten t .  This f a c i e s  i s  d iv id ed  in to  th ree  su b fac ies :
sand dominant (75-90% sand ), mixed (50-75% sand ), and mud dominant (10-50% 
sand). The sands occur as p a r a l l e l  s id ed , l a t e r a l l y  p e rs is ta n t  sheets, 
5-20cm th ick  in  the sa id  dominant f a c i e s  but on ly  3-10cm in  the other sub­
fa c i e s .  The v a r i a b i l i t y  o f  sand content r e f l e c t s  f lu c tu a t io n s  in  the 
hydrodynamic co n d it ion s  and sediment supply.
C. Mud f a c i e s :  c o n s is t in g  o f  muds or s i l t s ,  w ith  t h in ly  graded beds 
r e s u l t in g  from d e p o s i t io n  from suspension.
I t  i s  proposed tha t  these th ree  l i t h o f a c i e s  broad ly  correspond to  
the l i t h o fa c i e s  desc r ib ed  fron  the C o rr ieya ira ck  Succession, and that they 
co -ex is ted  l a t e r a l l y  w i th in  a shallow-marine environment. The Coire nan 
Laogh S em i-p e l i te  was p o ss ib ly  depos ited  in  the deeper d i s t a l  part o f  the 
shallow s h e l f  s ea ,  as muds and s i l t s  corresponding t o  fa c i e s  C. o f  Johnson
(1978 ). A p e r iod  o f  r e g r e s s io n ,  due to  a drop in  the r e l a t i v e  sea l e v e l
\
or poss ib ly  sediment supply exceed ing  the r a t e  o f  subsidence, re su lted  in  
the rap id  progradation  o f  f a c i e s  A. and d ep os it io n  o f  the Fech lin  Psammite 
and Knockchoilum Semi-Psammite. A regime o f  gradual subsidence r e l a t i v e  
t o  s e a - le v e l  t o g e th e r  w ith  a p l e n t i f u l  supply o f  te rr igen eou s  m a te r ia l ,  
must be invoked t o  account fo r  the la rg e  th ickness o f  these two form ations. 
However, at some s tage , w ith  a r i s e  in  the r e l a t i v e  sea l e v e l ,  or a period 
in  which subsidence exceeded sediment supply, a slow per iod  o f  transgres-
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s ion  ensued, producing the l o c a l  development o f  the t r a n s i t i o n a l  he te ro -  
l i t h i c  fa c i e s  B. fo l low ed  by the Monadhliath S em i-p e l i te  f a c i e s  C. Pro- 
gradat ion  o f  the sandstone f a c i e s  i s  repea ted  w ith  the d e p o s it io n  o f  the 
sands o f  the Carn Leac Semi-psammite.
Q u artz ite  bands w ith in  the Coire nan Laogh and Monadhliath Semi- 
p e l i t e s  may rep resen t the e f f e c t s  o f  short per iods o f  p rograda tion  o f  the 
sandstone f a c i e s .  The th inner q u a r tz i t e s  are po ss ib ly  due t o  storm 
a c t i v i t y  (Anderton, 1976).
The G lenshirra  Succession, due t o  the la ck  o f  sedimentary s tructures  
in  the lower part  o f  the Succession and the con tras t in g  f a c i e s  o f  the 
Gairbeinn Pebbly Semi-psammite, i s  a l i t t l e  more p rob lem a tica l .
Any in t e rp r e ta t io n  o f  the Gairbeinn Pebbly Semi-psammite must exp la in  
the fo l lo w in g  fe a tu re s :
i .  The t e x t u r a l l y ,  m in e ra lo g ic a l ly ,  and geochem ica lly  immature nature 
o f  the sediment.
i i .  Extensive l e n t ic u la r  g ra v e l  d ep os its  w ith in  th in  graded u n its .
i i i .  Sandstone and s i l t s t o n e  depos its  between su ccess ive  g ra v e l  
d e p o s its ,  o c c a s io n a l ly  showing c r o s s - s t r a t i f i c a t i o n .
i v .  The o v e r a l l  coarsening-up sequence o f  the fo rm a tion .
\
v .  The con tras t  w ith  the underly ing sediments.
Although g ra v e l  depos its  are found w ith in  shallow marine env iron­
ments, these d ep os its  are g e n e ra l ly  o f  small volume and occur as narrow 
l in e a r  b e l t s  p a r a l l e l  to  the shore l in e  (P e t t i j o h n ,  1975).
The th ickness o f  g ra v e l  d e p os its ,  formed by f l u v i a l  processes in
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a l l u v i a l  fans or bra ided streams, i s  many times g rea te r  than those o f  
s tran d lin e  d e p o s i ts .  Present day a l l u v i a l  fans are o f  vast  ex te n t  and 
ch a ra c te r is e  r eg ion s  o f  high topograph ic r e l i e f  (Rust, 1979), im ply ing  
t e c t o n ic  a c t i v i t y  during or immediately  p r io r  to  d ep os it ion  (C o l l in s o n ,  
1978).
I t  would seem t h e r e fo r e ,  due to  the la rg e  th ickness and ex ten s iv e  
nature o f  the g r a v e l  d ep os its  o f  the Gairbeinn Pebbly Semi-psammite that 
the depos it  i s  u n l ik e ly  to  have o r ig in a te d  in  a shallow marine environment 
but i s  o f  f l u v i a l  o r i g in .
A co n t in en ta l  o r i g in  f o r  the sediment i s  supported by i t s  geochem­
i s t r y  (Chapter A ) .  I t  i s  ex trem e ly  immature chem ica lly ,  suggest ing  that 
i t  i s  a proximal depos it  and has high Sr v a lu es ,  h igh Sr/Ca and K/Rb 
r a t i o s ,  in d ic a t i v e  o f  c o n t in en ta l  d e p os its  (Wedepohl,1969, Campbell and 
Lerbekmo,1963).
A l lu v ia l  g ra v e ls  occur in  two p r in c ip a l  environments} a l l u v i a l  fans 
and bra ided streams on a l l u v i a l  p la in s  (Rust, 1976). However, the d i s t in c ­
t io n s  between these  two environments are r a r e l y  apparent in  an c ien t  sed­
iments. Braided streams d i f f e r  from a l l u v i a l  fans p r in c ip a l l y  in  the lack  
o f  d eb r is  f l o w s ,  recogn ised  as ex ten s iv e  u n its  o f  massive, p o o r ly  so rted , 
muddy, m atrix  supported g r a v e ls .  They a ls o  show more gradual f a c i e s  
changes downstream.
The g r a v e ls  and sands o f  both environments are c h a r a c t e r i s t i c a l l y  
immature, f r e q u e n t ly  a rk os ic  and t y p i c a l l y  r ed ,  as a r e s u l t  o f  d ep os it ion  
in  an o x id is in g  environment (B l a t t ,  M iddleton and Murray, 1980). H ighly 
v a r ia b le  d ischarge  i s  a ls o  t y p i c a l ,  and the t ra n s ien t  nature o f  d epos it ion  
i s  manifest by th in  sedimentary u n its ,  showing both l a t e r a l  and v e r t i c a l  
v a r ia t io n s  in  g ra in  s i z e  and the nature o f  in t e rn a l  s t r a t i f i c a t i o n .  This
r e f l e c t s  changes in  current v e l o c i t y  and depth over short periods o f  t im e 
and space (Smith N .D ., 1970). Ind iv idu a l u n its  show f in in g  upward g ra d in g ,  
near h o r iz on ta l  bedding or cross-lam inations (C o l l in so n ,  1978).
Proximal fan dep os its  are dominated by cru de ly  h o r iz o n ta l ly  bedded 
g ra v e ls  (C o l l in so n ,  1978), w ith  an increase d i s t a l l y  in  c r o s s - s t r a t i f i e d  
se ts  and minor d ep os its  o f  h o r iz o n ta l ly  laminated sands and muds (Ru st , 
1976). The depos its  o f  braided streams are c h i e f l y  composed o f  sand and 
g ra v e ls  in lens shaped channel f i l l s  (A l len  J .R . ,  1970).
The con trast o f  the Gairbeinn Pebbly Semi-psammite w ith  the under­
ly in g  formations may be expla ined by po s tu la t in g  a rap id  u p l i f t  o f  the 
source area during d ep os it io n  o f  the t r a n s i t io n a l  A l l t  Luaidhe Semi- 
psammite. This produced the high topographic r e l i e f  c h a ra c t e r is t ic  o f  
bra ided stream or a l l u v i a l  fan environments. Continuing u p l i f t  during 
d ep os it io n  o f  the Pebbly  Semi-psammite a lso  ex p la in s  the la rg e  th ick n ess  
and ex ten s iv e  nature o f  the form ation , p a r t i c u la r l y  i f  i t  i s  continuous 
w ith  the 3km th ickness o f  conglomerate recorded at Fort Augustus (Pa rson , 
1979) (Chapter 7 ) ,  and a lso  the o v e r a l l  in crease  in  gra in  s iz e  up through 
the fo rm ation .
The remainder o f  the G lenshirra  Succession cons is ts  o f  la rge  t h i c k ­
nesses o f  p a r a l l e l  bedded sandstones. This i s  a lso  thought to  be o f  
shallow marine o r i g in  due to  the lack  o f  ev idence to  the con trary . The 
Carn Dearg Psammite i s  p o ss ib ly  equ iva len t t o  f a c i e s  A o f  Reading (1979 ) 
and the Creag Mhor Psammite to  the sand dominant fa c ie s  B.
The d i f f e r e n c e s  between the two successions may be the r e s u l t  o f  
d i f f e r e n t  source a reas ,  the arkos ic  nature o f  the G lenshirra  Succession 
suggesting a g r a n i t i c  source area (Chapter 4 ) .  A l t e r n a t iv e ly ,  they may be 
a r e s u l t  o f  the d i f f e r i n g  e f f e c t s  o f  currents w ith in  the shallow marine
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environment, or p o s s ib ly ,  a r e s u l t  o f  v a r ia t io n s  in  topographic r e l i e f  o f  
the source area . The G lensh irra  Succession may rep resen t the more proximal 
d e p o s i ts ,  o f  a land mass o f  high r e l i e f ,  w ith  d e p o s i t io n  in  a high energy, 
o x id is in g  environment (Chapter 4 )  combined w ith  rap id  depos it ion  and 
p o ss ib le  subaeria l exposure in  both the lower p a r t  o f  the succession and 
in  the Gairbeinn Pebbly Semi-psammite.

r e f l e c t s  changes in current v e l o c i t y  and depth over short per iods o f  time 
and space (Smith N.D., 1970). Ind iv idu a l un its  show f in in g  upward grading, 
near h o r iz on ta l  bedding or  cross-lam inations (C o l l in so n ,  1978).
Proximal fan depos its  are dominated by crude ly  h o r iz o n ta l ly  bedded 
g ra v e ls  (C o l l in son , 1978), with an increase d i s t a l l y  in  c r o s s - s t r a t i f i e d  
sets and minor depos its  o f  h o r iz o n ta l ly  laminated sands and muds (Rust, 
1976). The depos its  o f  braided streams are c h i e f l y  composed o f  sand and 
g ra v e ls  in  lens shaped channel f i l l s  (A l le n  J .R . ,  1970).
The contrast o f  the Gairbeinn Pebbly Semi-psammite w ith the under­
ly in g  formations may be exp la ined  by postu la t in g  a rap id  u p l i f t  o f  the 
source area during d ep os it ion  o f  the t r a n s i t io n a l  A l l t  Luaidhe Semi- 
psammite. This produced the high topographic r e l i e f  c h a r a c t e r is t i c  o f  
bra ided stream or a l lu v ia l  fan environments. Continuing u p l i f t  during 
d e p o s i t io n  o f  the Pebbly Semi-psammite a lso  exp la ins  the la rge  thickness 
and ex te n s iv e  nature o f  the  form ation , p a r t i c u la r ly  i f  i t  is  continuous 
w ith the 3km thickness o f  conglomerate recorded at Fort Augustus (Parson, 
1979) (Chapter 7 ) ,  and a ls o  the o v e r a l l  increase in  g ra in  s ize  up through 
the fo rm ation .
The remainder o f  the G lenshirra  Succession co n s is ts  o f  la rg e  th ick ­
nesses o f  p a ra l le l  bedded sandstones. This i s  a lso  thought to  be o f  
shallow marine o r ig in  due t o  the lack  o f  evidence to  the con trary . The 
Cam Dearg Psammite i s  p o ss ib ly  equ iva len t  to  f a c ie s  A o f  Reading (1979) 
and the Creag Mhor Psammite to  the sand dominant fa c i e s  B.
The d i f fe re n ce s  between the two successions may be the r e s u l t  o f  
d i f f e r e n t  source areas , the a rkos ic  nature o f  the G lenshirra  Succession 
suggest ing  a g r a n i t i c  source area (Chapter 4 ) .  A l t e r n a t i v e l y ,  they  may be 
a r e s u l t  o f  the d i f f e r in g  e f f e c t s  o f  currents w ith in  the shallow marine
environment, or po ss ib ly ,  a r e s u l t  o f  v a r ia t io n s  in  topographic r e l i e f  o f  
the source area . The G lenshirra  Succession may represen t the more proximal 
depos its ,  o f  a land mass o f  high r e l i e f ,  w ith  d epos it ion  in  a high energy, 
o x id is in g  environment (Chapter 4 )  combined w ith rap id  depos it ion  and 
poss ib le  subaeria l exposure in  both the lower part o f  the succession and 
in  the Gairbeinn Pebbly Semi—psammite•
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